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FOREWORD

Thi.s report presents the technical! i"dings

and accomplishments of research into ti e inter-

relationship of in-situ rock properties Ad the

characteristics of muck produced by v, rious

excavation methods. The pc.riod cove.e-I is from

January 12, 1971 through January 11, )972.
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INTRODUCTION AND SUMMARY

* PURPOSE

The purpose of the program is to develop a r-ethod for predicting the
materials handling properties of muck from the engineering properties of
rock, and a means of selecting the most suitable transportation equipment
for muck produced by various excavation systems, through the concept of
Muck Designation Numbers (MDN's).

CONCLUSIONS

Program activities have been confined to data collection, processing,
development of tentative MDN's, and preliminary correlation with rdck
properties and muck handling systems. Although final conclusions cannot
be stated, it is apparent that the size distribution of the sampled muck from
high strength rocky differs distinctly from that of muck from most of the
low strength rocks. Exceptions may be associated with the excavation
method and/or the rock structure. Refinement of MDN's and detailed cor-
relation analysis is within the scope of the 1972 program.

REFERENCE TO DETAILS

Details of the topics summarized below are arranged under the same
headings in the report.

SUMMARY

1. Technical Problems

The importance of increasing the speed of underground excavation
while decreasing the cost is emphasized by recent surveys which indicate
that a great volume of this work will be required in the near future. Con-
siderable research has been conducted to determine relationships between
rock properties and rock drillability, excavation, and support requirements.
However, data concerning the characteristics of muck produced by various
excavation methods in various rocks are not available for general use in
selection or design of muck transport systems. Correlations have not been
established between mucK characteristics, the properties of the in-situ rock
and the components of rapid excavation systems. In the absence of these
data, an adequate basis does not exist for optimum selection from the trans-
portation systems in cur ýent use, or for development of the high speed
systems required in the future.
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2. General Methodology

The r search plan ii to collect muck samples, lithologic and operating
data, and rock specimens where necessary, from operating tunnels; deter-
mine muck characteristics and rocl properties by physical testing; correlate
and analyze rock and muck properties, and quantify relationships through
Muck Designation Numbers (MDN's); and to correlate rock and muck char-
acteristics, MDN's, and the components of rapid excavation systems with
muck transport system capabilities.

Lithologic data consists of descriptions of rocks, their classifications
by probable origin and subsequent alteration, and Rock Quality Designations
(RQD's) which indicate the frequency of discontinuities. Operating data
includes descriptions af the equipment and methods used in the total exca-
vation system. Rock test data includes unconfined uniaxial compressive
strength, dry unit weight, and hardness where available. Commercial muck
test data includes size distribution and shape, moisture content, and dry
loose unit weight.

3. Technical Results

3.1 Site Selection

A list of current and scheduled tunnels was compiled to assure that

program objectives could be met. Sites for data and sample
collection were selected with emphasis on mechanical operations
in hard rock. Some soft rock and conventional tunnels w'ere
included as examples of unusual advance rates and systems. The
current list is enclosed as Appendix A.

3.2 Sample and Data Collection

Operating data and thirty four muck samples were collected from
fifteen sitee. Resampling was done at four sites to confirm the
reliability of initial results. All other samples reflect differing
lithologies, operating methods, or equipment.

Rock specimens for engineering property tests were collected
from twenty formations at twelve sites.

Shield operations in two formations, conventional tunneling in
eleven formations, tunnel boring machine (TBM) operations in
fifteea formations, and raise boring machine (RBM) vertical
reaming in two format:ons were sampled during the year.
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Rock types sampled include four classified as very High Strength,
ten as High Strength, ten in the Medium - Medium to High range,
three Low, and six Very Low Strength. A basis for these classi-
fications follows in the body of the report.

? 3 Physical Testing

. ~ Test procedures were reviewed in detail. Standard tests,
approved by the American Society for Testing and Materials, were

selected for use by commercial laboratories to insure consistency
of results.

Contracts to perform muck tests were negotiated with thirteen
commercial laboratories. Samples were delivered for testing
and shipment of fractions to the U. S. Bureau of Mines,
Pittsburgh Mining and Safety Research Center (PMSRC), for
additional tests. At the end of the contract year, muck tests by
commercial laboratories had been reported on thirty three sets
of samples, and on twenty three sets by the PMSRC.

Contracts to perform rock tests were negotiated with five com-
mercial laboratories. Nineteen sets of specimens were delivered
for testing, of which two were destroyed in preparation, and the
remainder were tested and reported.

Other tests reviewed and recommended for inclusion in the second

year of the program will provide data on Schmidt hardness,
abrasiveness, and stress-strain relationships.

3.4 Data Processing

A format was developed for printout of lithologic, muck, and rock

test data; test results have been stored on punch cards, and print-
outs of these data are included as Appendix B. A form was
developed for narrative and graphic presentation of lithologic,
operating, rock and muck test data. These "System Data Sheets"
are included as Appendix C.

Summaries of rock and muck properties which affect materials
handling, and of muck handling system parameters were prepared
as guidelines in the development of correlation analysis programs.
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3. 5 Development of MDN's

The -ze distribution curves from initial sampling varied dis-

tinctly, generally as had been expected, and development of an
algorithm to correlate MDN's, in-situ rock properties, and

excavation methods was initiated.

Continued sampling produced some curves which fit well with the

initial curves, and others which suggested establishing additional
categories. Curves of similar form were plotted together, and
preliminary MDN's were assigned. The resulting composite
curves are shown as Figures 1 through 8.

MDN assignment- cre tentative, and will undoubtedly be changed
to reflect solutions in problem areas, which may involve use of
raw data derivatives, adc,1tional rock property data, varying the

predictor equation, or ceparate MDN series for special types of

boring machines.

3.6 Transport System Selection

A listing of equipment capabilities, system constraints, and MDN
applications was nrepared for the unitized and semi-continuous

systems in common use. The listing also is tentative, and will
be refined and quantified in the 197? program.

4. DJoD Implications

The data accumulated under the program are non-existant elsewhere
in rapid excavation technology and should provide a more rational basis for

selection of materials handling systems for excavation methods in current

use. These data will also be invaluable to the design of the equipment
required to match the improved advance rates resulting from current

excavation research.

5. Implications for Further Research

Collection is recommended of data and samples from stratified
volcanic and fine grained igneous rocks, and from excavation methods not

previously sampled in the metamorphic rocks, to provide informatio- on
formations and methods which were not encountered in the first year.
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Field work at new sites in formations similar to those previously
sampled is also recommended, either to provide data on different methods,
or to determine what similarities and differences in muck characteristics
may exist.

Continuation of the sampling program in conventional and shield oper-
ations is suggested to provide operating data on transport systems in high
advance rate tunnels.

Resampling at selected sites to improve the confidence level of
collected data is considered advisable.

Collection of hardness, abrasiveness, and stress-strain data pre-
viously recommended has been included in the program plan for 1972.

Sampling muck produced by unusual rock breaking methods under
current development, such as the electron beam and the water cannon, is
recommended to provide data for design of compatible transport systems.

6. Special Comments

No equipment has been purchased or developed, nor has any invention
been made in the course of the work performed under this contract.

x



1. TECHNICAL PROBLEMS

The effectiveness of planning for new tunnels has been limited hy the
quantity and quality of information concerning subsurface conditions which
has been available. For many reasons, owners and owner-agencies often
have been reluctant to collect data or the properties of materials to be
excavated, or to publish information which has been collected. Interested
contractors have been forced to base proposals on their own assessments of
conditions to be encounteeed, and to base cost estimates on n-ethods and
equipment which may not be well suited for conditions as they exist.
Generally, significant allowances are made, both for contingencies which can
be anticipated and for those which cannot be foreseen.

The importance of a more logical approach to selection of methods and
equipment for tunneling has been err.phasized by receilt estimates of the great
volume of this work probable in the near future, and by the wider application
of tunnel boring machines which require rock property data as a basis for
design. A trend towards collection and dissemination of more adequate

exploratory informaticn for tunnel sites " apparent in the reports of sub-
surface investigations published by some owner agencies.

Progress has been made and is continuing in research to determine
relationships between rock properties, drillability, excavation, and support
requirements. Rccent investigations have shown, however, that very little
information has been collected on the characteristics of the muck produced
by the various excavation methods, and that correlations between the
eng,.neering properties of rock, muck characteristics, and the. components of
excavation systems have not been established.

In the absence of muck characteristic data, an adequate basis for
selection of optimum transportation methods and equipment does not exist,
and tunneling progress and cost have been affected adversely. Muck data
are also a basic requirement for engineering the improvements to existing
trai.sport systems, and the development of the new systems which will be
necessary to keep pace with the higher rates of excavation predicted for the
future.
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2. GENERAL METHODOLOGY

The objectives of the program are to develop a method for predicting
materials handiling properties of muck from the in-situ properties of rock,
and a means of selecting the most suitable transortation equipment for
muck produced by various excavation systems. The major emphasis is on
mechanical excavation of hard rock. However, some soft rock and some
conventional operations are included as examples of unusual advance rates,
equipment, and operating m,_.iods.

The program plan is to collect muck samples and operating data from
tunnels in rock of known properties; collect specimens from sites where the
in-situ properties are unknown; determine muck characteristics and rock
properties by physical lesting; correlate and analyze rock and muck
properties and quantify relationships through the concept of Muck Designation
Numbers (MDN's); and to establish cc. relations between rack and muck
Aharacteristics, MDN's, the component, of rapid excavation systems, and
selection of muck transport equipment.
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3. TECHNICAL RESULTS

3. 1 SITE SELECTION

A list of operating and sch.-luled tunnels was prepared originally to
"assure that program objectives could be met. This list has been revised to
incorporate changes, and is included as Appendix A. All but one of the
tunnels listed are expected to be in operation during the coming year. Letter
inquiries inviting program participation by off-continent tunnel operators
have met with no response. These tunnels have been deleted from the list.

An original reluctance of tunnel cont':actors to approve site access ha,'
been overcome at all but one site. Operators, although under no obligation
to participate in the program, have become cooperative when convinced that
sampling and data collection are scheduled on a noninterference basis, with
full observance of tunnel safety requirements.

Access to operating mine tunnels usually requires more operator
participation than access to a contract tunnel. The impact of economic
conditions has reduced emphasis on and interest in research. While mine
operators were most cooperative in the 1971 program, less data is expected
from such sources in 1972.

Early planning assumed that one basis for site selection would be the
availability of rock property data at specific sites. Experience has shown
that collection of these data is necessary from the majority of locations,
and the program has been modified to reflect this requirement.

3.2 SAMPLE AND DATA COLLECTION

Muck samples and operating data have been collected from fifteen
tunnel sites. Of thirty four samples, six were collected from sites visited
only once. Resampling was done in similar formations at four sites to
confirm the reliability of initial results. All other samples reflect differing
lithologies, operating methods, or equipment.

The scope of collecting in-situ rock data has been greater than was
anticipated, because of the nondisclosure policies of some owners and
agencies and because formations encountered in some locations could not
be correlated with the existing rock data. Rock specimens were collected
for engineering property tests from twenty formations at twelve sites, under
a modification of the contract.

3-1



Shield operations in two lithologic formations, conventional tunneling in
eleven formations, TBM operations in fifteen formations, and RBM raise
boring in two formations have been sampled to date. Rock types represented
include four classified as Very High Strength, ten classified as High Strength,
two in the Medium to High Strength range, eight tn the Medium range, threfL
Low, and six Very Low Strength., One rock sampled remains to be classified.

ii Seven of the sampled sites are no longer available for field wor,,. One
tunnel has been closed indefinitely following a disastrous explosion and fire,
and excavation of interest to the program has been completed at the others.

3.3 PHYSICAL TESTING

4, Test methods were studied in detail to ensure that tests performed by
commercial laboratories would yield consistent results. The following
American Society for Testing and Materials (ASTM) standard methods were
selected as specifications:

{ C566-67:, Total Moisture Content by Drying

C136-67: Sieve o- Screen Analysis of Fine and Coarse Aggregates

C117-69: Materials Finer than No. 200 Sieve in Mineral Aggregates
by Washing

C29-69: Unit Weight c•f Aggregate, Loose Weight Determination

"C170-50:' Compressive Strength of Natural Building Stone

Specifications for the last test procedure have been modified to provide
for greater accuracy in specimen preparation so that results will be com-
parable to those reported by other rock property research programs.

Contracts to perform muck tests have been negotiated with thirteen
commercial testing laboratories. Collected samples were delivered for
testing and shipment of rninus two inch i,,actions to the U. S. Bureau of
Mines, Pittsburgh Mining and Safety Research Center (PMSRC) for additional
tests to be performed at this facility. At the end of the c,*ntract year, muck
tests by commercial laboratories had been reported on thirty three sets of
samples, and on twenty three by the PMRSC. One sample, tested corn-
mercially, was lost in transit to the PMRSC, and the remainder of these
reports are expected during 1972, the samples having been collected too late
for processing during the contract year.
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Contracts to perform tests on rock specimens were negotiated with
five commercial laboratories. Nineteen sets of specimens were delivered
for testing of which two sets were destroyed in preparation. Reports on
seventeen sets of specimens were received, and one set collected is being
held for possible future testing.

Standard methods of testing abrasiveness were reviewed to determine
the feasibility of collecting these data from tests on muck samples. The
standard ASTM tests were found to measure the resistance of the sample to
abrasion, rather than the abrasive effect on other materials. The latter is
the property of greater interest in materials handling. Fractions of all muck
samples are being retained for possible tests for this property, pending
selection of an appropriate test procedure.

Results of hardness tests by the Shore scleroscope, a laboratory
instrument which tests hardness by rebound of a hammer, are available for
only three of the rock formations sampled. Additional tests by this method
were found to be beyond the scope of this study. Hardness testing by the
Schmidt hammer, a portable device which also tests rebound hardness, is
described as nondestructive and relatively inexpensive. Rock specimens
are also being retained for future tests by this method which are currently
scheduled for 1972. Schmidt hardness values shown have been inferred as
described in the footnote to the illustrations.

Modification of the standard test procedure was found necessary in
testing muck from some low strength rocks. Screen testing the samples in
the natural state was performed prior to the standard tests to avoid dis-
tortion of the curves caused by the disintegration of material during the
wash screening which normally preceeds dry seive analysis. Natural screen
test results are identified and shown as dotted lines on the size distribution

J curves.

3.4 DATA PROCESSING

A summary of rock and muck properties which affect materials
handling, the range of the values of muck and rock properties which will be
available, and the parameters of muck handling systems was prepared as a
guideline in the development of correlation and analysis programs.

A format was devcloped for computer printout of lithologic, rock and
muck data. Test results received to date have been stored on punch cards.
Printouts of these raw data are included as Appendix B. Blank spaces on
the printout indicate that data is not available on the date of the report.

3-3



Narrative and graphic summaries were prepared to combine these data
with descriptions of the excavation systems from which rock and muck
samples were taken, and are included as Appendix C. Rock strength clas-
sifications are based on uniaxial compressive strength, and conform with
those proposed by D. U. Deere, et al, in the "Engineering Classification and
Index Properties for Intact Rock", referenced above. These classifications

I are -,

Very High Strength Greater than 32, 000 psi

High Strength 16, 000 - 32, 000 psi

Medium Strength 8,000 - 16, 000 psi

Low Strength 4, 000 - 8, 000 psi

Very Low Strength Less than 4, 000 psi

Grain a1ze classifications of igneous rocks, from A. Johannsen s

"A Descriptive Petrology of Igneous Rocks", 1931, are used as follows:

Very Coarse - above 3 cm

"Coarse - 1 to 3 cm

Medium - I to 10 mm

Fine - below I mm

From J. F. Kemp's 'A Handbook of Rocks', 1950, sedimentary rocks
of fragmental grains above 2 mm, are classified as conglomerates, while

those below 2 mm in size are classified as sandstones or siltstones.

Symbols used to describe the shape of particles in the sample fractions
between screen sizes are the followi"•

A - Angular S - Sub-Angular
P - Platy R - Rounded

E - Elongated C - Cubic
I - Irregular Sp - Spheroid

The curves show the percentage of the total sample weight passing one
screen size and retained on the next. Screen sizes below 1/2'" were selected
to provide openings which become progressively smaller by approximately
fifty percent, as shown below:

Screen Sý'ze #4 #8 #16 #30 #50 #100 #200

Nominal Square
Openings, Inches 0.187 0.094 0.047 0.023 0.012 0,006 0.003

The abbreviation NA is used to indicate that an item of data is not
available.
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3. 5 DEVELOPMENT OF MDN'S

In accordance with the program plan, which provides for placing major
emphasis on data collection during the first year, analysis of data and
development of MDN's has been preliminary. As data first became available,
test results were reviewed to confirm the validity of the conceptual classifi-
cation criteria. Based on a plan of classification by materials handling
characteristics, the proposed designation system employed seven numbered
categories in which to group excavation products by size and size distribution.
Numbers were assigned in a progression from No. I for muck with a
relatively large maximum piece size and a predominant distribution in the I"
to 200 mesh range to No. 7, in which the maximum size is relatively small
and the predominant distribution is in the minus 50 mesh sizes. The concept
also recognized that muck characteristics would vary with the excavation
method, and contemplated modifying the MDN's to distinguish between
excavation techniques.

Initial field work was scheduled at sites where rock strengths varied
over a wide range, and which would provide examples of shield, machine,
and conventional operations. The size distribution curves of the muck from
these sites, (Identification Numbers H-1, 5-1, CL-i, NAST-l, and SF-i,
Appendix C), varied distinctly, in general accordance with he criteria,
except that the size range of the predominant distribution w-is somewhat
higher than had been inferred.

Using the initial data as a guide, a preliminary algorithm was
developed for data analysis to correlate MDN's, in-situ rock properties,
and excavation methods. The quantitative relktionship sought was a
predictor equation, obtained by multiple regression of the physical property
data obtained from the rock sample tests and a predictor eciuation for the
MDN. A discussion of this technique follows.

In simple regression, it is supposed that with each observation value,
there is another quantity which can be observed or somehow related to the
observation. After n observations, there exists a series of pairs, (x!, yl),
(x 2 , yZ), . . - , (xn, yn). The question we wish to answer is to determine
if there is a relationship between y and x and how this relationship can be
obtained.

One may assume that there is such a relationship, and that this
relationship is linear. With this assumption, one may write

y = ax+ P (1)

3-5



The xi 1,rtev lu•t variabe x,-

The xi, i = 1, , n, are the values of the independent variable x,
and the y1, i -- I, •, n, are the values of the dependent variable y. a and

P are the coefficients which will have to be determined from the observation
points.

It is possible that a relationship exists between x and y, but the
relationship is not linear. A pos.ible alternate in this case is to find another
variable, x1 , related to x, such that y can then be linearly related to x 1 . The
new variable x1 will then be used in place of x in the discussions that follow.

Assuming that the linear rt•lationship is valid, we can create an error
term which is the sum of the squares of all deviations of observed values
from the linear Equation (1). Thus the error e is

n n (Yi - (axi + ))()
i~l

and determine a and P so c is minimum. This simple regression is known
as the method of 'least squares". The solution can be shown to be-

a v is 2(3)xy x

P V -"(4)

where

s2 n xR 2(5
x n

4 )C n- !. (i I-) 5
i=lI

- n V (6)Vxy n - (X i - y-, (6)

7 and 7 are the arithmetic averages of the xi and yi respectively.

Equations (3) and (4) give the necessary coefficients in terms of
observed values for the predictor Equation (1). If y had been the MDN,
and x an in-situ rock property (or some transformation of it), then this
simple regression would have resulted in a predictor equation for the MDN.
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I;I

A procedure similar to the simple regression techniique will be hpplic-i
able if we want to relate a dependent~variable y to severalindepehdent
variables x1 , X2, x3, ., xm . (Note the x 1 , x 2 , , Xm. are
independexit variable and not the observation points themselves). If n
obqervations are taken, then one has the followi.g sets of points:

(Yl' Xl,l x2,1, x3,1, , m-,), (Y2 Xl,2 x 2 ,Z, x3,2, '

Xm-l,2), *s'(Yn, *In, XZn, X3n,' ' ', Xml,n).

A linear relationship is assumed to exist between y and x1 , , '.
Xm-l, n. Thus, one hasI

y =o + aY CI + XY2 + + am.-lxm-1 I k

The coefficients I ao, a, P •,m- 1 will have to be determined
from the n observations of the 'variables '

To solve for the coefficients !requires the manipulation of certain
arrays. Defining the: foliowing one dimensional arrays:

0o 1 Yl "'Ct ! Y2

S: w (8)

m- 1, Yn '

Let A be the two-dimensional array.

Xl,2 x2, . .. Xmil,1I1 ~ Xl2x2,2 ' Xm-l, 2

(9)

1Xl', n x2, n ' ni Is Xm n

Setting up an error term is no longer as easy. One possibilityis

m- 1

j L
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Two t±her one dimensional arrays are needed:

ZI

22 " IT Z(
Sz z (zip )

' nn
in!!

iz and zT are bbth functions of the observation points and the coefficients,
which are still unknowri. One can set up a covariance matrix i

;•zI Z2 2  IZl~ 2 .Zla .. ZlZn , "
V T (ZI (12)

,ZnZ IZnZZ Zn 2

The coefficients ao,!a, & I, am-1 which minimi-e the error term
can be shown to be obtained from

I 1 .
=J A V-w (13)

where

T '-1J=AV A (14)

1.owcver, V is a fttnction of z which contains the unknown coefficients
themselves. By assuming that the random errors in Equation (10) have
zero mean and a constant varianpe &2 r'.-grdless of z, V can be shown to

,be equal to a2I, where I is the unit ma -ix. If this is so, then the coeffi-
cients for the predictor equation will bc givtn by

-1IT I
T (15)(A A) A.. w

AT is the transpose of the matrix A given by.Equation (9).

The general computational- procedure is as follows-

(1) Form the array A as given by Equation ý9).

(2) Obtain the transpose., AT, from A. This, is just a matter of
interchanging rows ;,nd columns.
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(3) Compute ATA, then (ATA)-I then (ATA)'AT. This involves a
series of matrix multiplications and matrix inversion. These
techniques are readily available from a computer.

(4) Form the array w from Equation (8).

(5) Multiply the result of Step (3) by the result of Step (4). This yields
a set of coefficients c a a,

(6) Test for goodness of fit or the quality of the predictor equation.

A basic assumption is that the predictor equation is linear, and that
the independent variables to use are the observation variables themselves.
It may be necessary to define another set of variables x ,21 .,

1
x - to use in order to obtain a linear relationship.

It often happens that the independent variables are themselves related.
If a linear relationship exists between any two of the independent variables.

(ATA) -Iwill be singular, i.e., ATA will have zero determinant, and her.ce

(ATA)"' cannot be computed. If this is so, o is difficult to compute, and
the standard errors of the calculated coefficients are huge, iliving an
inaccurate predictor equation. This problem can be circumvented by
performing the regression analysis with one variable, then with two
variables, etc. while being careful when this problem arises. One may
combine linearly any two variables that are highly correlated and use the
combined variable as in the dependent variable.

To obtain Equation (15) from Equation (13), it was necessary to assumre'
that the off-diagonal terms in Equation (12) are zero. If this is not so, the
observations are known to be auto-correlated, and will result in an ineffi-
cient predictor equation. The marked presence of auto-correlation implies
that alternate modes of estimation should be used.

Good computer routines exist which are available on most computers,
including routines for matrix transpose, matrix multiplication and matrix
inversion, together with standard routines to compute means and standard
deviations of a set of observations.
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In multiple regression to predict an MDN, the MDN is treated as the
dependent variable. The set of independent variables may include thu
following:

(a) Dry Unit Weight, DUW

(b) Compressive strength, Fc

(c) Rock quality designation, RQD

(d) Hardness, H

(e) Abrasiveness, Ab

Some of these variables may be excluded from the analysis; others
still undefined may be included. The regression analysis may be performed
using one or more of these variables.

A set of observations is obtained, and with each set of observations,
an MDN is indicated. A table with the following entries will be created:

MDN D`UW Fc RQD H Ab

It is seen that y corresponds to MDN, and DUW, Fc, RQD, H, and
Ab, correspond to xj, x2, x3, x4, and x 5 , respectively. The matrix in
Equation (9) corresponds to the observation points. The array in
Equatioi, (8) corresponds to the MDN indicated in column 1. The predictor
equation may be obtained from Equation (15).

Several iteratirns of this analysis should be performed on the computer
in order to determine which variable or combinations of variables are
appropriate to include in the predictor equation. Certain tests can be
"performed to determine the quality and accuracy of this predictor equation.
With computer routines readily available, several iterations may be per-
formed with reasonable cost and in a very short time.

During algorithm development, re-sampling at three of the original
sites confirmed the distinctive shape of the size distribution curves, but
was impossible at the other two sites because one tunnel 1'ad progressed
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into a different formation, and the TBM had been removed from the other.
Sampling at other sites produced some curves which fit well into the original
categories, and others which were distinctive enough to suggest establishing
additional categories. When most of the data had been collacted, curves of
similar form were plotted together, and tentative designation numbers were
assigned. The resultant composites are shown as Figures I through 8 on
the following pages. The prefix "C" was added to MDN's for muck produced
by conventional opeLations, and "M" and "S" ware used to indicate boring
machine and shield systems. To avoid reducing data derivatives to extremely
small values, rocks with compressive strengths of IKPSI or less have been
assigned arbitrary strengths of 1. In the few cases where Shore hardness
was available, values have been converted to the Schmidt scale; other
zchmidt hardness values have been inferred from data published by
D. U. Deere, et al, in the "Engineering Classification and Index Propeyties
for Intact Rock," referenced above. The "T" prefix v-as added to all MDN's
to indicate the preliminary nature of the assignments.

The tentative nature of the MDN assig'rments must be stressed, since
changes will undoubtely result from analysis and from resolution in problem
areas which became apparent in the course jf the program. These include
the apparent lack of direct correlation betvee middle range MDN's and some
rock properties, th' characteristics of the muck from tunnel boring machines
using drsg cutters, and the performance of the raise boring machine which
was sampled late in the program. A solution to the first problem may be
found in the use of raw data derivatives, and of additional rock property data
such as Schmidt hardness, stress-strain curves, Young's modulus, and
Poisson's ratio, which will be collected during the s.cond year of the pro-
gram. Varying the predictor equation or setting up separate N!DN series for
drag cutter TBM's and for RBM's may be necessary to solve the others.
Because the effectiveness of the proposed solutions rer.t.' , to be confirmed,
use of computer techniques has been confined to data sto, -re and retrieval
and to development of the algorithm described above.

3.6 TRANSPORT SYSTEM SELECTION

The following listing of equipment ,.apabilities, syitem constraiits, and
MDN applications is taken in part from Report No. FRA-RT-71-57 "Materials
Handling for Tunnels", HN 8080, Holmes & Narver, Inc. and Resource
Management Corp., Sept. 1970, prepared for the U. S. Department of
Transportation, Washington, D. C., with additional details pr ovided by the
authors. The list, consistent with the goals of the program in the first year,
is preliminary, and wilti be refined and quantified in scheduled future work.
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MDN applicability to equipment selection is rated only on muck character-
istics, and would be subject to constraints imposed by such factors as tunnel
size, grade and length, equipment and power cost and availability, and
environmental considerations in any final analysis.

Unitized systems in common use include Conventional Rail, Side Rail,
and Free Vehicles.

Conventional rail systems capabilities and advantages include:

Hauling capacities can be varied by the-addition or removal of cars
or trains.

Materials, supplies and personnel can be transported by the system.

Easily adaptable to automatically controlled operation.

Loading and dumping can be done rapidly.

Track extension is relatively simple.

System constraints include:

The large percentage of tunnel cross section which is occupied by
equipment.

High speeds needed for short cycle time.

Ideal road bed and track conditions are necessary if delays cannot
be tolerated.

Passing tracks are required irn long tunnels.

A secondary system or assisted haulage needed if vertical grade
is over 4%.

Supply of materials required for system extension is a major
operation at high advance rates.

Small clearances, high speeds, and massive moving equipment
combine to produce long delays and serious injuries in event of
accidents.

Combustion products complicate ventilation unless vehicles are
powered electrically.
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Conventional rail ýystems are applicable to any of the MDN's so fUr developed.
Special cars would be required for high speed oper~tions with very wet'm,uck,
and special dumping facilities -with MDN's 6 and 7.

I ,it i

Siderail systerhs capabilities and advantages include:

Haulihg capacities canbe varied by the addition or removal of units.

Materials, supplie3 and personnel ckn be transported by the system.

Automatically controlled operation.'

Loading and dumping can be done rapidly.

Can be used on Much steeper, grades than conventional 'rail systems.

Vertical and horizontal guidance tends to reduce frequency of derails
and other accidents.

System 6onstrpints include:

Power ,un~ts for side rail sys'tems require electrical bus bars to beI extended with the track. ,

The small size of units in current use limits haulage capacity, and
the number of power units can result in maintenance problems and
delays.

Continuous bus l4ars nray be a personnel hazard.

SMDN's I through 7 could be transported by this system. Pr9blems in unload-
ing cars: can be-expected from ýADN's 6 and 7 if wet, due to the high
percentsge of fines.

.11 Free vehicle capabilities and adirantageo include:

System capacity can be varied by the number lot vehicles, or by
change in speed.

Materials canbe transported inbound and outbounal.

Guideway for opera~ion is not required.
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'System constraints, are:

Tunnel sizer liMits use of free vehicles in long tunnels unless turnouts
are provided. I

Roadway must be well graded and maintained to support wveight and
speed of vehicles. ' I

P'resent design oflvehicles uses excedsive amounts of tunnel volume
I Iper ton of capacity, and does not,provide the abillity to operate in both

directioits equally well.

Inability to'climb grades of 8 - 1211r at adequate speeds.
,,I I I 0

Op'erator required for each vehicle.

"Small cl~earances, high'speeds, apd massive equillment combine to
produce long delays in case of malfunction, and serious injuries in
event of accident.-

Combustion products complicate ventilation unless vehicles are
powered electrick.ly.

MDN's I through 5 can ýe transported by free vehicles. Excessive tire
,wear could be expected in the MDN I an~d 2,range, due to angularity and
"abrasiveness of, these materials. This system may not be practical for

L sites producing muck in the MDN 6 and 7 range becaus6 of traction and
roadbed maintenance problems. i I

IpSemi-continuous m ysterps in commnon use are-belt conveyors,
hydri'ulic, and pneumatic pipeline systems.

Belt conveyor capabilities and'advant4ges include:

Possilhle installation oterhead or at sides of tunnel leaves floor
space for other uses.

I'.

Capacities can be increased by changing beli speed.

Conveyors can go up or down slopes to 220.
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Constraints on the system include:

Supplementary transportation which must be provided for incoming
materials, and personnel.

Delays inherent as the conveyor is extended from a temporary to a
semi-permanent installation.

All MDN's can be transported by conveyors. Excessive belt darmage
and wear can be expected in the I and 2 MDN range, because of piece size
and shape, unless the material is crushed prior to being placed in the system.
In the MDN 6 to 7 range, through a wide range of water occurrence, con-
siderable material will stick to the belt causing excessive cleaning problems.
In the entire MDN range it is mandatory that the water content be below the
point where the muck wi.i slip or flow on the belt, or overflow the sides.

Hydraulic pipeline capabilities and advantages include:

Capacities adequate for the tonnage from any tunnel in the foreseeable
future.

Pipelines use very little space in the tunnel.

Especially adaptable to very wet sites and to hydraulic excavation
systems.

Adaptable to any grade, including vertical.

System contraints are:

Capacity to handle plus I" to plus 2" material through centrifugal
pumps has not been demonstrated in field usage.

Crushing or !. •Lping equipment for through-centrifugal pump systems,
or lock-feed equipment for alternate designs may cause congestion in
the near face area.

Large amounts of water are required.

Required electrical power may be difficult to provide for long tunnels
in remote areas.

Dewatering, recirculation, and muck disposal systems may be
elaborate.

3-23



For high advance rates, methods of advancing pumping units and
pipelines muzt be developed.

The heat load from large electrical installations may be difficult
to dissipate.

System malfunctions may be hazardous to personnel.

MDN 7 is best suited for pumping because of the low percentage of plus #4
material, and a high fines content. Preliminary screening and/or crushing
would be needed for transpoirting all MDN's by a through-centrifugal pump
system.

Pneumatic pipeline capabilities and advantages include-

Pipelines use very little space in the tunnel.

Adaptable to any grade, including vertical.

System constraints are:

Power requirements appear excessive.

Muck must be relatively dry.

Crushing or scalping equipment must be used if pieces are too large
for system.

Pipe wear and maintenance rmay be excessive.

Seconaary transportation must be provided for materials and
personnel.

Methods of advancing blower units and pipe must be developed.

Dust at the discharge or from malfunctions may be hazardous to
personnel.

MDN I is best suited for pneumatic syste.ns because 3f the low percentage
"of plus •4 material and the high fines content. Preliminary screening and/or
crushing would be needed for transporting all MDN's.
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4. DOD IMPLICAfIONS

Other investigations have shown that the data accumulated under the
program are nonexistant in usable form elsewhere. While some tunnel
boring machine (TBM) manufacturers and operators consider muck size an
indicator of cutter efficiency, changes are noted during informal inspections
at the machine, and are seldom recorded except as showing a need for cutter
replacement. A few screen analyses have been run, hut results normally
are not made available outside of the manufacturer's organization.

The choice of transportation systems usually is based on availability
and contractor familiarity with the equipment used at other sites. in some
cases, the choice has been completely unsuitable for the muck produced.

This has resulted in delays and additional expense which may be avoided by
using the information collected under this program.

Previous investigations also have indi(.ated that major modifications

of conventional equipment, or design of completely new systems, will be
necessary to dispose of the muck from the high speed excavation systems
predicted for the future. Muck characteristic data is a requisite as a basis
for the engineering design of system improvements, and should be used to

indicate the areas in which research and development of new methods will

be most productiie.

4-1



5. IMPLICATIONS FOR FURTHER RESEARCH

The planned program for the first year's work provided for a third of
the samples to be taken in cach of the "High" and "Medium" strength rock
classifications, and for the remainder to come from "Low" and "Very Low"
classifications. This ratio was maintained, and four additional samples
were taken from operations in rock classified "Very High" in strength.
Lithologic cla;:-Sfications sampled to date include examples of relatively
coarse grained igneous rocks, four types of metamorphic rocks, and three

types of sedimentary rocks. Both conventional and machine operations
were sampled in all categories except the metamorphic rocks. Rock types
not yet sampled, including the stratified volcanic and the finer grained
igneous rocks, should be sampled to provide data on these formations, and
data on excavation by different methods in rocks previously sampled should
be collected to provide comparative data.

The engineering and muck properties of rocks of the same lithologic
type may vary over a wide range. To make the MDN concept a useful tool
in the rapid excavation program, every opportunity should be taken to obtain
data from as many new sites as possible in order to confirm a previous
assignment of an MDN to a rock type, or to obtain data indicating that another
category is justified.

Nearly one-third of the operations sampled were conventionally driven
tunnels. While the major interest is in mechanical excavation, the most
rapid progress is being made by conventional ar.d shield methods. Therefore,
it is believed that this ratio should be maintained to provide data from high
speed materials handling systems.

Statistically, the reliability of data and conclusions is a function of the
sampling frequency. For this reason, at least three specimens of the same
rock have been tested whenever possible to provide engineering property
information. Less than fifteen percent of the operations sampled have been
resampled to improve the confidence level of the muck characteristic data.
Subject to site availability, resampling is recommended.

Reference to other rock property research programs indicates that
Young's modulus and Poisson's ratio may be importan: engineering
properties to correlate with muck characteristics. Both can be determined
from stress-strain data taken during compressive testing. Provision for
collection of these data in the 1972 program has been recommended.
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To provide other drta which may be highly significant, provision for
Schmidt hardness tests on rocks and abrasiveness tests on muck has been
recommended as part of the continuing research.

Unusual rock breaking techniques now under development, such as
the electron beam and the water cannon, may become standard practice in
the future. Sampling muck fiom tests of these methods whenever possible
is recommended.

5-2



6. SPECIAL COMMENTS

No equipment has been purchased or developed, nor has any invention
been made in the course of the work performed under this contract.
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GLOSSARY

ASTM American Society PMSRC Pittsburgh Mining
for Testing and Safety
and Materials Research Center

BM Beam POT. Potential
CFM Cubic feet per minute PCF Pounds per cubic foot
COMPR. Compressed PSI Pounds per
CONTIN. Continuous square inch
CY Cubic Yard Rect. Rectangle
DEG. Degrees REG. Regular
DIA. Diameter RBM Raise Boring Machine
DUW Dry Unit Weight RPM Revolutions per Minute
Est, (E) Estimated RQD Rock Quality
FWD Four Wheel Drive Designation
GPM Gallons per Minute ST Scoop Tram
HP Horse Power SPECIF. Specific
HRS. Hours STRNTH. Strength
IN. Inch TBM Tunnel Boring Machine
Inter. Internal TC Tungsten Carbide
K Thousand TCB Tungsten Carbide
LBS Pounds Button
LT Long Ton T Tentative
MDN Muck Designation T. Ton

Number V Volt
MAX Maximum VOL Volume
Moist. Moisture W/ With
MM Millimeter WT. Weight
NA. Not Available Foot
NO. Number Inch
PCF Pounds per # Number

Cubic Foot 7e Percent
PCT Percent (+) Plus
PF Powder Factor (-) Minus
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TUNNEL PROJECTS

Compiled by Holmes & Narver, Inc., Anahiem, California, under U. S.

Bureau of Mines, Contract H0210013. Revised 1 January 1972

NORTH AMERICAN CONTINENT

PROJECT & OWNER
LOCATION OR AGENCY SIZE LENGTH CONTRACTOR

MINERAL CREEK Kennecott Copper 16'x16' 3.6 Miles Fluor-Utah
DIVERSION TUNNEL Corporation Excav. Engrg & Const
Ray,, Arizona Ray Mines Div. 15'x15' Company

Hayden, Arizona Lined

Excavation by conventional methods. Formations include 14 rock
classifications, predominantly quartzite, shale, diabase, schist,
altered granite, porphyry and dacite. Core specimens exist.
Owner management has not approved core $zating or muck sampling.

LAKESHORE MINE Hecla Mining 14'x14' 7500' Hecla Mining
Casa Grande, Company - 14'x18' 7500' Co. -own force
Arizona EI Paso Natural plus level

Gas development

The two 7500' headings are declines at a minus 150, currently at
about 6200' slope distance from the portal. Levels are being
developed at 900' and 1400' vertically below the portal. Forma-
tions include mylonite, quartzil~e, tactite, and quart-, monzonite.

r A raise boring machine has started a series of holes to the
development levels.

NAST TUNNEL U.S. Bureau of 10' Dia. 3 Miles Peter K".wit
o1 Fryingpan Project Reclamation Sons Company

Merideth, Colorado Denver, Colorado

r A Wirth boring machine, modified by installation of shields and a new
cutter head, has completed about I mile of tunnel from the outlet
portal. Formations penetrated are predominantly granite, granite
gneiss, granite porphyry, and granodiorite with comnpressive
strengths from 18,(000 psi to 24, 300 psi. Rock is highly sheared in
zones from a few feet to 400' thic-k.
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TUNNEL PROJECTS (continued)

"PROJECT & OWNER
itI LOCATION OR AGENCY SIZE LENGTH CONTRACTOR

"TONNER The Metropolitan 8' Dia. #1-4589' Up for bids
#1 and #2 Water District of Lined #2-19,360' Feb. 1972
Brea, Cal. Southern Calif.

Expected to be a shield operation in low strength sandstone
and siltstone. Geologic data and cores are available from
the owner agency.

HUNTER TUNNEL U.S. Bureau of 10'xl0' 4.4 Miles Granite
Fryingpan Project Reclamation Construction
Merideth, Colorado Denver, Colorado Company

A conventional operation in formations similar to the Nast
tunnel. Lithologic and Engineering property data has been
collected from the U.S. Bureau of Reclamation.

FOGGY BOTTOM- W.M.A.T.A. 16W-8" 4,0001 S & M
ROSSLYN TUNNEL Washington, Dia, each of Constructors
Section C-4 D.C. Finished two bores (E.W. Murphy)
Washington, D.C.

Excavation by conventional methods in gneiss under the Potomac
River. The schistose rock structure is reported to result in
high shear strength and low compressive strength. Lithologic
and Engineering property data has been collected from the
W.M.A. T.A.

MT. GREENWOOD Dept. of Public 10'-4" 1.8 Miles S. A. Healy
TUNNEL Works, City of Diameter
Chicago, Illinois Chicago, Illinois

A new Robbins machine is being assembled for operation in
limestone, reported similar to that in the Lawrence Avenue
tunnel.
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TUNNEL PROJECTS (continued)

"PROJECT & OWNER
LOCATION OR AGENCY SIZE LENGTH CONTRACTOR

WHITE PINE Copper Range i,-I" Various Tunneling by
COPPER CO. Company, Now Diameter Wlite Pine
"White Pine, York, New York 18'x8-' with own
Michigan Rect. force

A Robbins machine has been operating in sandstone since
1969, is now passing through a conglomerate horizon to reach

the overlying shale. An Atlas-Copco machine is operating in
4- the shale. Normal drifting is conventional. Existing rock

property data includes compression, Brazilian tensile, and
":I Shore hardness -test results.

NEVADA TEST U.S.A.E.C. and Various. Reynolds
SITE Defense Atomic Electrical
Mercury, Nevada Support Agency Engineering Co.

(DASA)
Mercury, Nevada

Two conventional tunnels are operating. An Alpine Miner has

been used on an experimental basis, and may provide an oppor-
tunity for comparison of the muck produced by the two systems.
Formations are volcanic tufts which vary from 600 to 4, 500 psi
in unconfined compressive strength. Engineering property data
has been collected by the U.S. Geological Jurvey and by DASA,

NAVAJO IRRIGA- U.S. Bureau of Z0.5' 3 Miles Fluor-Utah
TION PROJECT Reclamation Dia. Engig & Const
Farmington, Denver, Colo. Company
New Mexico

A Dresser boring machine is operating in sandstone with an
unconfined compressive strength of less than 1000 psi, is
expected to reach an 8000 psi sandstone as the tunnel advances.

SECTION 35 Kerr-McGee 10'xl0' Various Kerr-McGee
URANIUM MINE Corporation and own force
Grants (Ambrosia 8'x8'
Lake)New Mexico

An Alpine Miner is operating in siltstone development headings,
is expected to reach an und, rlying sandstone in which normal
ope rat ions are convent ional.
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TUNNEL PROJECTS (continued)

PROJECT & OWNER
LOCATION OR AGENCY SIZE LENGTH CONTRACTOR

CURRANT & U.S. Bureau of 10'-4" Combined S. A. Healy
LAYOUT TUNNELS Reclamation Dia. Length
Strawberry Aqueduct, Denver, Colorado 4.9 miles
Heber City, Utah

A Robbins boring machine has been operating in sandstone.
Existing logs of 13 drill holes show lithology. Compressive
strength test results, varying from 5,000 psi for a shale to
over 38,000 psi in the conglomerate, have been provided by
the Bureau of Reclamation. This tunnel has been stopped
inaefinitely pending provision of additional funds.

CONTR. 843 City of 1'-Z" 5000' W.J. Lazynski
SEWER TUNNEL Milwaukee Dia. Company
Milwaukee, Wisc. -

"A Jarva boring machine is being rebuilt before starting a
new contract on a lateral to the present tunnel in 1972.

GOLDEN GOOSE II Western Nuclear 8'x10' Develop- Owner
URANIUM MINE Inc. ment Drifts Operated
Jeffrey City, Wyoming

An Alpine Miner cquipped wvith a Serpentix conveyor is
driving mining headings in soft sandstone. Conventional
drifts are also being driven in similar formations.

NEW YORK CITY, Dept/Public 11' Dia. 9200' Perini-B & R-
N.Y., Contract #13 Works, NYC G.H. Ball-S & M

Constructors, JV

Scheduled to start in January 1972 using a new Jarva boring
machine. Formation is mica schist; compressive strength
15,000 to 30,000 psi. Cores and rock test data are reported
to be available from the owner.
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ROCK DATA:

Lithology: Igneous, granite, gray, medium to fine grained, moderately to
slightly fracturicd and jointed, 10 to 20% quartz, 50 to 60% feldspar,
balance, dark minerals.

Uniaxial Compressive Strength: 18 KPSI.
RQD: (Estimated) 90,0.
I)'y Unit Weight: 107 PCF.

Ctroun•d Water: Minor, primarily from fault zones.
Hardness: NA 1-11-72.

TUNNEL DATA:

Size: Q' 'Y' diameter. Gradc: (+) 0. 22"

Ventilation System: 10 KCFM, exhaust, 22" pipe to rear of conveyor.

16' to face.
Utility System: 6' air line, 2"' water line, 61' pump line.
Water Inflow: 3 to 20 gpm.
Power System: 4160/480V.
Haulage System: Mlulck, personnel, supplies by rail cars, 36" gage,

700 rail.
Support System: 4" ring and half sets, at 4', 3' and 2' centers in bad ground,

13' wide x 10' - 16 gage plates secured by 4-1'' x 7' grouted bolts as
required.

EXCAVATION DATA:

Machine: Wirth Erkelenz, H-ardrock Model. Weight: 67 tons.
Cuttetrs: 25 Hughes Tool/Wirth Tungsten Carbide Button. Gage: 6-11 1/2"

TCB roller. Interior: 15-11 1/2" TCB roller. Center: 2-11 1/2"1 roller
and 2-11 1/2" TCB Cone.

Rotation: Head, 8 to I1 RPM.
Torque: 600 1iP.
Thrust: 500 K lbs.
Muck System: Bucket from face, 22" belt conveyor to rear.
Power Systemn: 3-200 HP electric motor driven hydraulic pumps driving

hydraulic motors.
Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-MS Ident. No. NAST-1 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N.A. 1/11/72 Size-0. 065"1 0 Sime' - 0. 50" : 2.69

ATTERBFRG LIMITS, MATERIAL SIZFE,(-)0. 185 IN.

Liquid Limit 14.50% Plastic Limit 14. 00/,, Shrinkage Limit 13.500%

Plasticity Index 0. 50 % Toughness Index 0. 16 Flow Indcx 3. 0

MATERIAL, SIZE (-)0. 50 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/IUepose" 10 In. D)rop
@ 9. 0% Moisture, 370 (a• " 10 Moisture, NA (Q" 9,/0% Moisture, 360
Angle Slide Steel Plate Bulk Density PC F' Angle Internal Friction
(i) 9. 0% Moi'sture, 410 % Moisture, NA 0" 8.5"%, Moisture, 420

70 - I I I I- - -I

DRY UNIT WEIGHT, LOOSE 83 PCF
_ MOISTURE CONTENT 9.4 % ......... I

SLARGEST SIZE OBSER.&VEDx• "'x /'S 50 • ' - ' ' '..

40--

" 30

o0 j.- 0__. ---- ±4 ,gj -

10

SHAPE PI AI Al AI Al SI S
6" 3" 2" 1" 1/2" #4 #8 -#16 #30 #50 #too

+6 STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Igneous: Granite, moderately to slightly fractured and io:nted.
Medium to fine grained. High strength. RQD (Est. ) 90%., DTW" 1(-7 PCF.
Cround water; Minor. Hardness- NA.
Sy, tem Class: TBM, Wirth Erkelenz, tlardrock, 1'9" dcati., 25 Hughes Tool/
Wirth TCBI roller and conef cutters. RPM:, 8-11, 600 HP Torque, 500 KA Thrust.
Mucking: Buckets to belt. Haulage: Rail. Suprort: Steel ring and half sets,
roofplates and rock bolts.
MDN STUI)Y SYSTEMN I)ATA SIMII.:I .i)N T-M5 I~l,.it. Nw. NAST- 1 Sli t t



ROCK DATA:

Lithology: Igneous, granite, gray, nmedium to fine grained, moderately to
slightly fractured and jointed, 10% to 20% quartz, 50% to 60% feldspar,
balance dark minerals.

Uniaxial Compressive Strength: 18 KPSI.
RQD: (Estimated) 90%.
Dry Unit Weight: 167 PCF.
Ground Water: Minor, primarily from fault zones.
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 9'9'' diameter. Grade: (t) 0. 221'.
Ventilation System: 10 KCFM, exhaust, 2Z" pipe to rear of conveyor,

16" to face.
Utility System: 6'' air line, 2" water line, 6'' p)utIp line.
Water Inflow: 5 tc O gpnm.

Power System: 4160/480V.
flaulago System: Muck, personnel, stupplie.s by rail cars, 3"'' gage 70fi rail.
Support System: 4'" ring and half sets, at 4', 3' and I centers in bad

ground (approximately 650'), 13" \\ide x 10 - 16 gage plates secured byI . 4 4-l" x 7' grouted bolts as required, (approxinmately 1.200').

I!
ICXCAVATION DATA:

Machine: WNirth F; rkelen.,, ll'rdrock Model. Wvight o7 tons.
Cutters: 25 Hughes '"ool/Wirth Tungsten C a. hide lButtoit. Gage: 6- 11 1/2"

MuCB roller. fitcerior: 1 ,-11 1/2'• •IC roller. Center: 2-11 1/22" roller
and 2-11 1/2" T(;tB cone,

Rotatioti: 8 to I I R PM.
Torquv: 600 11P
Thrust-, 500 K lbs
M uck 'iysteina: Buck~et fr'o ml [',c't, 2 "" belt conve~yor to rear.

Povýer System: 3-200 lIP? electric Iinotor driven hydraulic pumaps driving
hydraulic motors awti cylinders.

GuIidance Systenl: L~aF',r,

M 1) N S'lU DY S i'EN1 1)A''A S II EI-'"I T-M5 Idlnt. No. NAS'l'-2 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Sp(e(. Gravity, Material
N.A. 1/11/72 Size- 0.056" 0 Size - 0. 50" : 2.66

ATTERBFRG LIMITS, MATERIAL SIZF' (-)0. 056 IN.

Liquid Limit 19.5 % Plastic IAmit 18.2 K!, slhraikag(, Limit 17.91/:
Plasticity Index 1. 3 % 'Toutghne.ss Index 0. 28 l.'w Ind,.,, 4. 6

MAT1ERIAL SIZE (-)1. 0 IN.

Angle/Repose I In. I)rop Apparrent Colhesion PSF Anpglc,/Pp()s(," 10 In. l)rop
08.7 % Moisture, 3 80 Moistur(,, NA (0) 8. 7V, Moisture., 380
Angle Slide Steel Plate Bulk l)Dnsity PC1, Angle Int(ernal Flriction
(0' 8. 7 % Moisture, 490 ((c Moistu ,',NA ,' 8. 5 M', o M stri r t,, 310

70 -- - .

DRY UNIT WEIGHT. LOOSE 76 PEF

MOISTURE CONTENT 10. 8 %•

LARGEST SI..E OBSERVED 1" x 1"Iz 50

4040-- -- L....L....I.. "-....
I-I

0 Wh 30t
wI

Q" 20 ,

01 1
SHAPE PI PI Fl P AI AI Sl SI S

T 6" 3" 2 I" 1/?" #4 #8 #16 #30 #50 #7004200
+6 STANDARD SCREENS. ASTM STD. SPEC. EII-7O

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUM MA R Y
Rock (Class: Igneous: Granite, mediuni to fiiw g raincd, modecratcly to slightly
fractured and iointed. High strength. RQD: (Est.) 90%., I)W\V: 167 PCF.
Ground water: Minor,, Hardness: NA.
System (Class' TBM, Wirth F rke•lnz, Hard-rock, 0'' dia, 2'5 hughes Tool/
Wirth TC131 roller and tricone ,"utt,,rs. RPM: 8-11, 600 lip Torque, ý00 K4
thrust. Muckingý: Buckets to be't. i{aidtge: R{.',. Support: 4" ring and half
sets, roof plates and rock bolts.
MI)N S'I'TUI)Y SYSTE!M I)A'l'A Sill.;j I j- )\1 T-M5 lc,, N,). NAST-I2 Sh tect 2



iI
ROCK DATA:

Lithology: Igneous, biotitic granite, fine grained, with major quartz and
minor feldspar and dark mineral contents.

UniaxialCompressive Strength: 13 KPSI.
RQD: (Estimated) 90%.
Dry Unit Weight: 152 PCF.
Ground Water: Minor, from fault zones.
Hardness: NA 1-11-72.

TUNNEL DATA:

Size: 10' high x 16' wide x 8', alcove from 9'-9" diameter tunnel.
Ventilation Systern: 10 KCFM, exhaust, 22" pipe.
Utility System: 6" air line, 2" water line, 6" pump line.
Water Inflow: 5-10 GPM.

Power System: Not applicable.
Haulage System: Muck, personnel, supplies by rail cars, 36" Gage, 70# rail.
Support System: I " x 7' grouted rock bolts and 13' x 10'-16 gage roof plates.

EXCAVATION DATA:

U ~Conventional R~ail Haulage System.
Drilling: 2-$53F, 4' feed, jack legs.
Drill Round: 72 holes, 1 3/4" dianmeter, 9' av. depth, double V-cut.
Ex.plosives: 300# Gelex #2-60"'0. Powder Factor, 6. 3#/CY.
Blasting: Electrical, zero and 7 regular delays.
Mucking: Diesel front end loader, 1/2 CY,
Guidance: Not applicable.

I

MDN STUDY SYSTFM DATA SHEET T-C3 Ident. No. NASTl-3 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spe(. (;ravity, Material
N.A. 1/11/72 Size - 0. 056" :0 Si/,(- 0.75" :2. 65

ATTERBFRG LIMITS, MATE'RIAL SIZE (-'J.056 IN,

Liquid Limit 19. 5011/ Plastic Limit 17. 41% Shirinkage Limhit 17. 13%
Plasticity Index 2. 09 %Toughness Index 0. 51 Flow IfldeX 4. 10

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Cohiesion PSIF AnglOARepose 10 In. D~rop
(d 2. 8% Moisture, 390 (0 3. 0",; Moisture, 80 (a)i 2. 8%"( M o isturev, 3 60
Angle Slide Steel Plate Bulký Dens ity PCFAngle Inte rnal Fric(tion

(d 2. 8%'/ Moi'sture, 3 10 ( 0. 0% Noistxirt', 91.2 u3., 0$, Moisture, 380

70-

60 DRY UNIT WEIGHT. LOOSE 117 PCF.

MOISTURE CONTENT 3.4 I
LARGEST SUEO SER ED. 2%/' x 1%'/'xl------

40t

W30----------------------------------- -

4. 0-----------------------------

B- - - - - - - - - - - - --.10 Ilk- - - - - - -IN
SAEAI Al AI AI Al AI AI AI AI AI Al

ft6 3" 2" 1 1/2" #4 #8 -*16 *30 #50 #100 420t
+6" STANDARD SCREENS. ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUM' MA Rý Y
Rock Class: Igneous: Granite, biotitic, fine grained. Medium' strength.
RQD: (Est. )90%. DUW: 152 PCF. Groun2! water: Minor. Hardness: NA.

Syste'l Glass: Conventional Rail. 101 high x 16' wide x 8'alcovv. Two Jack leg

dri lls, 72 -9' holes, double V-cut. PP 6. 3# CY.. Mucking-, Diesel front end
loader, 1/2 CY. Haulage: Rail. Support: Grouted rock bolts and roof plates.

MIDN STU;DY SYSTlEM Il)A[l A MOl1 I\iN T-G3 l'hiit-II No. NAST-3 Sheet 2
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ROCK DATA:

Lithology: Igneous, granite, fine grained, -noderately .ractured, major

quartz and minor feldspar and dark mineral contents.
Uniaxial Compressive Strength: 24 KPSI.
RQD: (Estimated) 90%.
Dry Unit Weight: 160 PCF.
Ground Water: Minor, primarily from fault zones.
Hardness: NA 1-11-7Z.

TUNNEL DATA:

Size: 9'-10" diameter. Grade: (+) 0.22%.
Ventilation System: 10 KCFM, exhaust, 22" pipe to rear of conveyor, 16"

to face.
Utility System: 6" air line, 2?? water line, 6" punip line.
Water Inflow: 5 to 20 gprn.
Power System: 4160/480V.
T "ige System: Muck, personnel, supplies by rail cars, 36" gage 70# rail.

Support System: 4" ring and half sets, at 4', 3' and 2' centers in bad
ground (approximately 650'), 13? wide x 10' - 16 gage plates secured by
4-1" x 7' grouted bolts as required, (approximately 1200').

EXCAVATION DATA:

Machine: Wirth Erkelenz, Hardrock Model (Modified)*. Weight 67 tons.

Cutters: 29 Hughes Toot Tungsten Carbide Button. Gage: 6-11 1/2" TCB

r'.!ler. Interior: 9q-11 1/2" TCB roller. Center: 2-11 1/2'" roller and
2-11 1/2" TCB cone.

Rotation: 8 1/2 RPM.
1 orque: 600 HP.
Thrust: 660 K lbs.
Muck System: Bucket from face, 22" beit conveyor to rear.
Power System: 3-200 HP electric motor driven hydraulic pumps driving

hydraulic motors and cylinders.
Guidance System: Laser.

:Modified by replacement of original by a Hughes Tool Co. cutting head and
cutters.

MDN STUDY SYSTEM DATA SHEET T-M5 Ident. o. NAST-4 Sheet I
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MUCK DATA

Abrasiveness Pot. Viol. Cýhangv, Ma~te rial Sp-p.( Gravlity,, Mate rial
N.A.. 1/11/72 Size Sir,.' NA

ATTFRBFRGj LIMITS, i MATER IA 1,S I F I N.

Liquid Limit NA %.Plastic Limit NA S11r~inka(ge Limit NA r

Plaqticit* Iiidex NA ul lotighin-s s Index NA 12 ow Inde-x NA

MATERIAL SIZE IN.,

I Angle/fRepose I In'. Drop Apparent ; liesion PSI" Angle/41poI(sv, 10 b). D~rop
0) %'M~oisture, NA (() .; Moisture, NA ((I)I ~",I Noi,3tt i r e, NA,
Angle Slide Steel Plate Btillk Dens ify PC" Atigh, Intlt il F rictionl
(d % Moi' hire, NA (Wi "M4olsi itur e , NA (' M oistki1re , N A

60 -DRY 'jITWEIGHT. L~os'E 83 PCF;
- ~ 0 I- MOSURE CONTEN'T 17. 2 L

40
w_ ~ --- -- -- -- --

a-.

0.

SHAPE ý PI P Al 4 A A

f6" 3" 2" 1 1/2' #4 #8 :.I #1 30 #50 10#0W6e #!:STANDARD SCREENS ASTM STD. SPEC. El-70
MUCK: PCT., BY WT. AND S~flAPE BETWEEN SCREENS

SiU MMAR Y
Rocks Class: Igneous: Granite, fine g~rained, moderately fractured. H-igh strength.
RQD (Est. ) 90%. DUW: 160 P-F. Ground watvr: Minor. H1ardness: NA

SystemClass:_ BM, Wi'rth Erkelernz, Hard rocix, with Hughes Tool :head,

9''10" dia. 29 Hug!-es Too'l TCBI rollcr and cone, cutters. RPM` 8 1 /2.
600 11P torque, 660 Kht thrust. MiickinW- Buckets to belt. Hlaulage: Rail.
Support'- 4" ring and half sets, roof pfates and rok k bolts.,
MDN STUIDY SYSTiEM D)ATlA \1KI ~)41 T-MV lil~t-lit, N AST-¶Sie



'~ , j 1ROCK DAT\1A.:-F

IJ+]I

Lithology: I~gneous, granite, njiassive,' major feldspzir and quartz, minor
cýark,mjneral cofttent.

Uniaxial Compressive Strength: 35 KPSI

RQD: (Estimated)' 96%
Diýy Unit1 Weight: 161 PCF'
Ground Water: Minor, through, fractures.
Hardness: NA 1-11-72

TUNNEL DATA.

Size: lot xz 10' Horse sho~e. Grade 0. ZZ%/
VenilaionSystem: 8 KCFM, exhaust, 2Z" piped

Utility S~ys~ten-: 6',' air line, 2"water line
Water Inflow: 5-10 gpm.
PowerSystem: 1OV. lighting,
Haulage Sy~tem: Muck a~id supplies: Ehii~co 912 diesel.
Supp~rt System: 41 " WF steel sets @c 4' in 180' approx. at portal end; 1" x 7'

grouted tock bblts' for appi~ox. 351'.

EXCAVAK1DAN DATA:

Conventional Trackless System.
Drilling: Crawler, Jumbo, 2-D93 Drifters, 10' feeds.
Drill Round:' 48-1 3/4"1 holes, double V cut, -8' depth.
Explosives: 175# GeClex ,2-70'. Powder factor, 6. 11 CY.
Blasting: Electrical, regular delays, zero through #1r0.
Mucking System: Eimco 91Z diesel, front end loader.
Guidance: Transit lines.

l ; I
I !

MDN STUDY SYSTEM DATA SHEET T-C3' Ilent. No. GA-I Sheet I

("-9
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spc. (;ravity,. Material

N.A. 1/11/72 Size - 0.056": 0 Siz, - 0.75" 2.59

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.

Liquid Limit 16.20% Plastic Limit 15. 78 "/ Shrinkage Limit 13. 67%
Plasticity Index 0.42 % Toughness Index 0. 14 Flow Index 3. 00

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
(@D0.9% Moisture, 390 (d) 0.9% Moisture, 215 (W 0.9% Moisture, 360
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction

@0. 9% Moi'sture, 34k) (0 0. 0 % Moisture, 106 (" 0. 9% Moisture, 460

70 - -- -

DRY UNIT WEIGHT, LOOSE 114 PCF
60MOISTURE CONTENT 1.9%

5 ILARGiEST SIZE 0O8S E RVED 2/2.x 2,'x1

5t• - - -

S>. 40

I,-

W 30 ----------------------
Ww

. 20 . .

0"
0- _----

SHAPE AI A I A AI AI AI AI AI AI AI AI[ of 3 2" I " I 1/2" #4 #8 *16 430 #50 #100 0 0t
+6 STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE 3ETWEEN SCREENS

SUMMARY
Rock Class: Igneous: Granite, massive, minor dark minerals. Very high
strength. RQD:. (Est.) 96%. DUW: 161PCF. Ground water: Minor.,
Hardness- NA.
System Class. Conventional Trackless. 10, x 10' arch. Two machine jumbo,
48-8' holes, V-cu' PF 6. l#/CY. Front end loader mucking and haulage.
Support: Steel set, at 4', 25%, occasional rockbolts in 730'.

MDN STIUI)Y SYSTEM D1ATA SII1F'I \1I)N T-C3 hI4,,t. " GA-1 Slivtt 2
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ROCK DATA:

Lithology: Igneous, granite, gray, fine grained, moderately jointed with
1. 5' to 2' bands of light tan pegmatite and laminated granite gneiss.

Uniaxial Compressive Strength: 32 KPSI.
RQD: (Estimated) 80%.
Dry Unit Weight: 162 PCF.
Ground Water: Formations generally dry.
Hardness: NA 1/11/72

TUNNEL DATA:

Size: 10' x 10', Modified Horseshoe. Grade: (+) 1/2%.
Ventilation: 15 KCFM, exhaust, 26" di'-. pipe, 125 HP at 7200' from portal.
Utility System: 8" air line, 4" water line, 10" pump line.
Water Inflow: 20 GPM. (As much as 400 GPM in occasional pockets)
Power System: 4160/440V.
Haulage System: Muck, personnel, supplies by rail cars, 36" gage, 75# rail.

Three-15iT. Goodman locomotives; 2 trains of 11 to 13 cars (q 4.8 CY.
Canton car transfer at 50' to 250' from face, passing tracks @(1500'.

Support System: 4" WF sets @ 4', 3' and 2' for 23/, 1" x 7' grouted bolts
for 17%, Shotcrete: 500 psi ( 18 hrs. , 3750 psi (4 28 days, for 16" of
7200'.

EXCAVATION DATA:

Conventional Rail Systemn.
Drilling: Rail mounted hydrojib jumbo, 4-CF99, & I-CF133 drifters,

12' feed.
Drill Round: 38 holes, 1-5" center hole and 37 at 1 3/4" dia. Spiral Burn

Cut, 10 1/2, depth.
Explosives: 183 lbs. Gelex #2-75% x 1-112" dia., and 20 lbs. Smooth-

tex 70% x 7/8" dia. in upper perimeter holes. Powder factor: 5 1/2# /CY.
Blasting: Electrical, regular delays zero through 10.
Mucking: EIMCO #25, rail, air operated.
Guidance: Laser

MDN STUDY SYSTEM DATA SHEET T-C3 Ident. No. H1-I Sheet ]
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spe(,. (;raviLy, Material

N.A. 1/11/72 Size - 0.056" 0 Siz,, - 0.75" Z. 70

ATTERBFRG LIMITS, MATERIAL SIZE (-)0.056 IN.

Liquid Limit 18.0 % Plastic Limit 17. 0 % Shrinlkage Limit13.4 %

Plasticity Index 1. 0 % Toughness Index 0.23 Flow Index 4. 4

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop

(@ 1. 3% Moisture, 400 () % Moisture, NA 01) 1. 3V/ Moisture, 370
Anglp Slide Steel Plate Bulk Density PCF Angle Internal Friction

@ 1. 30% Moi'sture, 3Z0 % Moisture, NA (0'2. Z % Moisture, 440

DRY UNIT WEIGHT. LOOSE 107" PC.
60 - - -- ,

_MOISTUR, CQNTENT 3.4

50. LARGEST SIZE OSERVED 3'xx'
:= 50 , 'I - . . . . . . . .

: 40

WZ 30

go - - - - - - - - -- - - .... ...... - -"

20

SHAPE AI Al AlI AI AI AI AI Al Al AI AI

3" 2" I" 1/.2" #4 #8 #t 30#50 #1O0
STANDARD SCREENS: ASTM STD. SPEC. EiJ-70

*.MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Glass: Igneous: Granite, fine grained, with 1. 5' to 2' bands of pegmatite

and laminated granite gneiss. High strength. RQD: (Est. ) 80%. DUW: 162 PCF'.

Ground water: Minor. Hardness: NA.
SystenmClass: Conventional Rail. 10' x 10' arch. Five machine jumbo,

38-10-1/2' holes, burn cut. PF 5. 5#/CY. Overhead loader mucking, rail haulage.

Support: Steel sets at ?' to 4', 23%, rockbolts 17%, shotcrete 16%, in 7200'.

MDN STUII)Y SYSTEM I)ATIA SIIIK:'l' Nil)> T-C3 |Hint. No). H-I Shect Z
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ROCK DATA:

Lithology: Igneous, granite, gray, gneissic, moderately jointed.
tUniaxial Compressive Strength: 39 KPSI
RQD: (Estimated) 80%
Dry Unit Weight: 164 PCF
Ground Water: Generally dry - occasional flows through fractures
Hardness: NA 1/11/72

TUNNEL DATA:

Size: 10' x 10' modified horseshoe. Grade: (+) 1/2%
Ventilation Syetem: 8 KCFM exhaust, 26" pipe, 150 HP at 10, 000 from

portal.
Utility System: 8" air line, 4" water line, 10" pump line
Water Inflow: 20-400 GPM, normal 135 GPM
Power System: 4160/480/240V.
Haulage System: Muck, personnel, supplies by rail cars. 36" gage, 75# rail.

Three-15T. Goodman locomotives, 3 trains oi 5 to 7 cars (0 4.8 cy.
Canton car transfers at 50' to 250' from face, passing tracks @ 1500' to
2500'.

Support System: Minor rock bolt support for last 25001.

EXCAVATION DATA:

Conventional Rail System
Drilling: 4 boom Hydojib jumbo, 4-CF99 + I-CF133 drifters, I?' contin.

feed.
Drill Round: 36-40 holes, 1 3/41" diameter, 11' deep, spiral burn cut with

5" center hole.
Explosives: 200 lbs. 75% Gelex #2, 25 lbs. 300%1 Dupont 7/8" x 24" in back

holes.
Blasting: Electrical, regular delays 0-10, Powder factor 5.6#/CY.
Mucking: EIMCO #25, rail, air operated
Guidance: Laser

MDN STUDY SYSTEM DATA SHEET T-C3 Ident. No. H-?. Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Sp,.c'. (;ravi ty, N4aterlal.

N.A. 1/11/72 Size - 0.056') : 0 Size =0•7 •F 60

ATTERBFRG LIMITS, MATFRIAL SIZE (-)0.056 IN.,

Liquid Limit 18. 10% Plastic Limit 17.95% Shrinkage Liimit 11. 00%

Plasticity Index 0. 15 % Toughness Index 0. 04 Flow Index 3.20

MATERIAL SIZE. (-)2.0 IN.,

Angle/Repose I In. Drop Ap )a rent Cohesion PSI Angle/Repose 10 In. D)rop

(3.8 % Moisture, 380 01) :. 6 % Moisture, 30 (a) 3. 8% Moisti'ie, 350

Angle Slide Steel Plate Bulk Density PCF Angle Internal F~riction

(a) 3. 8% Moisture, 380 ('0.0 " Moisture, 105 (01 2.6% Moistu e, 440

DRY UNIT,,WEIGHT: LOOSE 109 PCF
60 --- - .--

-_MOSTUREg ONTENT 3,4 •

SLARGEST 1V 2'xl'12'Xl'=50

40

I-

z 30

CL20

0

SHAPE AI AI AI AI AI AI AI AI AI AI AI

6i 3  2' I" 1/2" #4 #8 -l16 #30 #50 #100

+6" STANDARD SCREENS: ASI M STý). SPEC. EI-70 42:

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY 
I

Rock Class: Igneous: Granite, gneissic, moderately jointed. Very high strength.

RQD: (Est.) 80%. DUW: 164 PCF. Ground water: Minor. Hardness: NA.

System Class: Conventional Rail. 10' x 10' arch. Five machine jumbo,

36 to 40 - 11' holes, burn cut. PF 5. 6#/CY. Overhead loader mucking - rail

haulage. Support: occasional rockbolts 7200' to 10,000'.

MDN STUI)Y SYSTEM DATA SIIE'l NIl)N T-C3 Ildvt. No. H-2 Shet t 2
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"ROCK DATA:

Lithology: Igneous, biotitic quartz monzonite, fine to medium grained
porphyry.

Uniaxial Compressive Strength: 25 KPSI
RQD: (Estimated) 83%
Dry Unit Weight: 162 PCF.
Ground Water: None apparent
Hardness: NA 1/11/72

TUNNEL DATA:

Size: 18' wide x 16' high, arched back. Grade: (+) 5 1/2%.
Ventilation System: 76 KCFM, pressure in heading, 48" pipe and tubing;.

Underground fans 48", 150 HP, 2 stage, Exhaust in return airway tc
3-54", 150 HP, 2 stage, surface fans.

Utility System: 6" compressed air, 2" water.
Water Inriw: None apparent.
Power System: 4160/220V for fans, 110 volt lighting.
Haulage System: Wagner ST8 Scooptram to raise, chute loaded into rail

mounted skip. Personnel and supplies by diesel truck.
Support System: 13 1/2" x 9' roof plates, 6' x 3/4" rock bolts @ 4'.

EXCAVATION DATA:

Conventional Trackless System
Drilling: Gardner-Denver 3 boom jumbo, 1 PR123 and 2 DH 123 drifters,

12' feeds.
Drill Round: 47 holes, 1 3/4" diameter, including 6 hole burn cut, and

1 center hole, 4" diameter, all 10 1/21 deep.
Explosives: 25# - 1 1/2 x 8", 60% or 75',10 primers, 25# - 7/8" x 16", 30%

in trim holes, 40# - 1 1/2" x 16", 450'o in ( hole burn cut, and 275# AN/FO
in remainde' of round. Powder factor: 4#/cy.

Blasting: Electrical, regular delays, 0 through 1 5.
Mucking: Scooptram.
Guidance: Laser.

MDNSTUD'&C SYSTEM DATA SHEET T-Cl Ident, No. 12K-i Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Sp-c. Gravity, Material
N.A. 1/11/72 Size -0.056" : 0 Size -0.75" 2.85

ATTERBFRG LIMITS, MATI':RIAL SIZE, (-)0. 056 IN.

Liquid Limit 18. 10% Plastic Limit 17. 98% Shrinkage Limit 17.69%
Plasticity Index 0. 1Z % Toughness Index 0. 30 Flow Index 3. 90

SMA T E RIA L SIZ E (-)2. 0 IN .

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@ 0. 8% Moisture, 330 (0 0.4% Moiýlirc, 435 () 0.8 % Moisture, 300
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@0. 8 % Moi'sture, 290 0, 0. 0% Moisture, 97.3 (ci0.4% Moisture, 430

70 - 1 1-1 1 [ I -I I
60 - DRY UNIT WEIGHT., LOOSE 102 pCF

SMOISTURE CONTENT 0.4
I- I LARGEST SIZ 5 O RVED4'x3'x2'

40 aI _>,-

Z 30 ,

" 20-

SHP I AI AI AlI AI AI AI Al AI Al AI

oHP --- --- O~O

3" 2 I" 1/2" #4 #8 416 #30 #50 #100
+6 STANDARD SCREENS: ASTM STD. SPEC. Eli-To

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Igneous: Quartz monzonite, biotitic, fine to medium grained
porphyry. Hiih strength. RQD:(Est.) 83%. DUW: 162 PCF. Ground water: Dry.
Hardness: NA.
System Class: Conventional Trackless. 18' wide x 16' arch. Three boom jumbo,
47-10 1/2' holes, burn cut. PF 4#/CY. Scooptram mucking and haulage to raise-
rail skip to surface. Support: Roof plates ant rock bolts at 4'.

MDN STUIY SYS I'EM DlATA S1I El N, l)N T-C1 Idlnt. No. LK-l Slheet 2
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ROCK DATA:

Lithology: Igneous, biotitic quartz monzonite, fine to medium grained
porphyry, with minor steeply inclined joints.

Uniaxial Compressive Strength: 28 KPSI
RQD: (Estimated) 83%
Dry Unit Weight: 165 PCF
Ground Water: None apparent
Hardness: NA 1-11-72

TUNNEL DATA:

S~ze: 18' wide x 16' high, arched back. Grade: 2%.
Ventilation System: 22 KCFM, pressure in heading, 48" pipe and tubing.

Underground fans 48", 150 HP, 2 stage. Exhaust in return air vay to
3-54", 150 HP, 2 stage surface fans.

Utility System: 6" compressed air, 2" water.
Water Inflow: None apparent.
Power System: 4160/220 for pumps and fans, I1OV lighting.
Haulage System: Wagner ST-8 Scooptram to surge pile at ehaft station,

rail mounted skip to surface. Personnel and supplies by diesel truck.
Support System: 13 1/2" x 9' roof plates, 6' x 3/4" rock bolts @ 4'.

EXCAVATION DATA:

Conventional Trackless system.
Drilling: Gardner-Denver 3 boom jumbo, 3 PR123 drifters, 12' feeds.
Drill Round: 47 holes, 1 3/4" diameter, including 6 hole burn cut, and

1 center hole, 4" diameter, all 10 1/2' deep.
Explosives: 25#-1 1/2" x 8", 60% or 75% primers, 25#-7/8" x l6o', 30%

in trim holes, 40#-l 1/2" x 16", 45% in 6 hole burn cut, and 275# AN/FO
in remainder of round. Powder factor: 4#/CY.

Blasting: Electrical, regular delays, 0 through 15.
Mucking: Scooptram.
Guidance: Laser.

MDN STUDY SYSTEM DATA SHEET T-C1 Ident. No. LK-2 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spc. Gravity, Material
N.A. 1/11/7Z Size -0. 056" 0 Size -0. 75" 2.73

ATTERBFRG LIMITS, MATERIAL SIZE (-) 0. 056 IN.

SLiquid Limit0. 50 % Plastic Limit 19. 14 i Shrinkage Limit 17. 29 %

Plasticity Index 0. 36 % Toughness Index 0. 058 Flow Index 6. 2

MATERIAL SIZE (-)Z. 0 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
* @ 4.7% Moisture, 430 (a)4. 9% Moisture, 210 (014.7% Moisture, 420
* Angle Slide Steel Plate Bulk Density PCI Angle Internal Friction

(@ 4.7% Moi'sture, 330 0t1 0.0 % Moisture, 97.6 0, 4.9 % Moisture, 390

70 - --- -

6-------DRY UNIT WEIGHT. LOOSE 103 PCF

MOISTURE CONTENT 1.6 .

LARGEST SIZE OBS R ED- 3/. ',x2'x2'

S30 -

130- - -. . . .....- ....-..-- --.7 \
W
a. 20 

L

SHAP l Al AI Al Al Al Al Al Al Al AI AI

6i 3" 2" I 1/2" #4 #8 #16' #30 #50 #1D0020t
+6 STANDARD SCREENS: ASTM STO. SPEC. Eli-70'

MUCK: PCT. BY WT. ANO SHAPE BETWEEN SCREENS

3 3UMMARY
Rock Class: Igneous: Quartz monzonite, biotitic, fine to medium grained porphyry
minor stee? angle joints. High strength. RQD:(Est.) 83%. DUW: 165 PCF. Grou

water; Dry. Hardness: NA.
System Class: Conventional Trackless. 18' wide x 16' arch, Three boom jumbo,
47 - 10 1/2' holes, burn cut. PF 44/CY. Scooptram mucking and haulage, rail
skip to surface. Support: Roof plates and rock bolts at 4'.

MDN STUDY SYSTEM 1)ATA SI IKE, E" MIr T1-C1 hldvnt. No. LK-2 Sheet 2
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ROCK DATA:

Lithology: Igneous, biotitic quartz monzonite, fine to medium grained
porphyry-"

Uniaxial Compressive Strength: 32 KPSI
RQD: (Estimated) 92%
Dry'Unit Weight: 165_PCF:-
Ground Water: None apparent.
Hardness: NA-1--t11-72

TUNNEL DATA; "

Size: 12' diameter' vertical bore hole, reamed from 1312' to 1212' below
collar, from a 13,7/8" diameter pilot hole.

Ventilation System: None in bore hole.'
* Utility System: ' 5 to 10 gpm. Water for dust suppression through pilot hole.

Water Inflow: None apparent
Power System: ,440V to surfiace dr~ive motors.
Haulage Systemn: Wagner ST-8 Seooptram to surge pile at shaft station/

rail mounted skip to surface'.
Support System: None In bore hc~le.

EXCAVATION DATA:

Machine: Robbins. H81R Raise Drill. Weight 4,, tons. Cutters: 27 Robbins,
Steel Disc. Gage: 3-12". Center: 1-Il". Interior: 19-12" single and
2-I1" twin. Two sets of three 12" dia. TCB roller stabilizers are installed
on third points below the cutter head.

Rotation, cutter head: 6 RPM.
Torque: 383. 5 K Foot Lbs.
Reaming Pull: Total 814K Lbs @ 2400 PSI, net 490 K to 510 K#.
Muck Disposal: Scooptram, underground.
Power System: 3-440V, 100 HP consLant torque motors, 1. 667: 1 gathering

box ratio.
Guidance System: Survey in pilot hole.

MDN STUDY SYSTEM DATA SHEET T-M5 Ident. No. LK-5 Sheet 1
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MUCK DATA
Abrasiveness Pot. Vol. Change, Material Spec. 'GravitV, Material
N.A. I/i'/72 Size : NA ' S,': NA

ATTERBFRG'LIMITS, MATERIAL SIZE IN.

Liquid Limit NA % , Plahtic Limit: NA 0/i% Shrinkage Linit NA %
"Plasiticity Index NA' % Toughness Index NA Flow I'ndex NA

MATEIRAL SIZE IN.

Angle/Aepose'l In. Drop, Apparent Cohesion PSI.' Angle/Riepore 10 In. Qrop
Ca@ % Moisture, (dA (d) % Moisture, NA , (WV % Moisture, NA
An'&e Slide Steel 'Plate Bulk Density PCF ' Angle Internal Friction
@ % Moi'sture, NA , . (W0 %'Moisture, NA (w 1 % Moisture, NA

.70 '1 1 -I
0 - - DRY ýUNIT WEIGHT. LOOSE 94 PC --

' MO!STURE CONTFNT 16.8%' ' I 4"-.

-LARGE• I ERVED21/" x 4x"

j• ,)> 40,Z Q - - .... .0

wI

"10A-- ,,4 il.

SAEPE P1 PI A A A AA

36# 132 2 I" #4 #8 *1. 6 #30 460 0100
STANDARD SCREENS: AST M STD. SPEC. ElI- O

MUCK: POT. BY WT. AND: SHAPE BETWEEN SCREENS

SUMMARlY
Pock Class: Igheous: Quartz m3nzonite, biotitic# fine to niediam grained
popphyry. High strength., RQD:(Est. ) 92%, DUW: 165 PCF. Ground water.: Dry.
Hardness: NA.
System Class: RBM, Robbins H8lR, 12' dia. 27 Robbins disc cutters, 6 RPM,
383.5 Kft. I torque, 500K # pull average. Mucking and haul'ag.: Scooptram,
under~gr6und, rail skip to surface Support: None,

MDN STUI)Y SYST.EM DATA Slit.:t' 1 MI)N T-M5 1lItcnt. No,. LK-5 Sheet 2
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r, ROCK DATA:

, Lithology: IgIneous,'biotitic quartz monzonite, fitie to mediunr grained
porphyry, frequent flat angled joints,

Uniaxial Cdmpressiv9 Strength: (Estimated) 15;KPSI.5
RQD: ('Estimated) 86%.
Dry Unit Weight: 137 PtF.
"dround Water: None apparent.
Hardness: N.A. Y/1172

.UNNEL DATA:,

Size:, 4' diameter vertical bore hole reamed,from 298' to 28'6' below collar
from a 13 P/8" diameter pilot hWole.

'Ventilation System: Not applicable.
,Utility System: 5 to 10 gpm water for dust suppression throligh pilot hole!
WateIr Inflow: None apparent. .,

Power Systerp: 440V to surface drive motqrs.
Hulage System: Wagner STJ8 Scooptram to surge pile at shaft station/

f ail mounted skip to surface. Personnel and supplies-by diesel track.
Support System: None in bord hole.,

I

EXCAVATIOi• DATA: ' '
I

Machine:, Robbins H81R Raise Drill., )weight: 49 tons.
Cutters: ll 7 Robbins, Stde-l Disc. Gage: 1-12" twin. Center 1-12" singple.

Interior: 4-12" twin. Three 12" TCB roller stabilizers are installed at
third points below the cutte'r head.

Rotation, Cutter head: ,6 RPM
Torque: 383. 5 K F g ot/lbs.
Reaming Pull:' Net 170 K to 205 K#.
Muck Disposal: Scooptram underground.
Power System: 3-440V, '100 HP constant torque blo tors, 1. ,67: 1 gathering

box ratio.
Gaiidance SXs'tem: survey in pilkot hole.

MDN STUD'Y SYST-EM DATA SHEET T-M5 Ident. No. LK-6 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. (;ravity, Material
N.A. 1/11/72 Size NA Siz'.e NA

ATTFRBFRG LIMITS, MATERIAL SIZE IN

Liquid Limit NA % Plastic Linlit NA % Shrinkage Limit NA %
Plasticity Index NA % Toughoess Index NA Flow Index NA

MATERIAL SIZE IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Dro'p
@ % Moisture, NA ((D % Moisturc, NA N) % Moisture, NA
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@ 0/0 Moi'sture, NA (h) % Moisture, NA (a? % Moisture, NA

'0 - - .- , UNIT WEIGHT. LOOSE 90 PC-

SMOISTURE ..CONTENT 16, 8%
SLAR EST IZE BSERVE NA

'4 0 0 In

ololo. ý "-- -1. -- -- - - - I -

40 00," '
- - a - -0---- - - - - ---- - -0

a. 2

I0

SHAPE NA NA NA NA NA NA NA

S3" 2 I 1/2" #4 #8 -#16 *30 #50 #100

STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Igneous: Quartz monzonite, biotitic, fine to medium grained

porphyry, frequent flat angled joints. Medium strength (E,;t.). RQD:(Est. ) 86%.
DUW: 137 PCF. Ground Water: Dry. Hardness: NA.
System Class: RBM, Robbins H81R, 4' dia. 11 Robbins disc cutters. 6 RPM,
3,'. 5 K ft. # torque. 185K # pull (average). Mucking and Haulage: Scooptram
uno rground, rail skip to surface. Support: None.

MDN STUi)Y SYSTEM DATA SIII;'EI' MI)N T-M5 hdent, No. LK-6 Sheet 2
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ROCK DATA:

Lithology: Metamorphic, granitic gneiss, highly metamorphosed, moderately

to highly fractured, highly silicified.
UTniaxial Compressive Strength: 9 KPSI.
RQD: (Estimated) 10%.
Dry Unit Weight: 174 PCF.
Ground Water: Minimal-urains to other workings.
Hardness: NA 1-11-72

TUNNEL DATA:

Size; 13', round, Grade (+) 1/4 percent.
Ventilation System: 10 K CFM. exhaust, 24" pipe
Utility System: 4" air line, 2" water line.
Water Inflow: 5-10 gpm.
Power System: 4160/480V.
Haulage System: Personnel, muck, supplies by rail cars.

Support System: None.

EXCAVATION DATA:

Machine: Calweld, Hardrock model, #40.
Weight: 200 tons.
Cutters: 19-Smith Tool Tungsten Carbide Button, Gage: 6-GT-SH 8 roller.

Center: I-TCB tricone, interior: 12-GT-MH8 roller.
Rotation: Center cutter-2 6 RPM, Head-12 RPM.
Torque: 347 K #.
Thrust: 1, 128 K #.
Muck Collection: Buckets from face, 24" conveyor to rear.
Power System: 480V Electro-Hydraulic.

Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-M5 Ident. No. CL-I Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N.A. 1/11/72 Size : 'NA Sim, NA

A'4 'ERBFRG LIMITS, MATERIAL SIZE IN.

Liquid Limit NA % Plastic Limit NA % Shrinkage I,inmit NA /

Plasticity Index NA (/0 roughness Index NA Flow Index NA

MATERIAL SIZE IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSY Angle/Ropose 10 In. Drop

(d@ % Moisture, NA (d1 % Moisture, NA ((J % Moisture, NA
Angle Slide Steel Plate Bulk Density PCF t :igle Internal Friction
(a) 0 Moi'sture, NA ( % Moisture, N• U" % Moisture, NA

0DRY UNIT -WEIGHT. LOOSE 87 PCg60 ---- a - -

' M2.UT URE CONTENT 8. 8 - It v.. IARGES]" SIZE OBSERVED 1Xi'x2/,"x%',

40 a:

; 30 1.

0 -- - . -- - '- . .....L.. .. .. L08
SHAPE Al Al AI AI Al AlI ALI

f 3" 2" I" 1/2" #0 #8 #16 #30 #50 #IO002
+6 STANDARD SCREENS: ASTM STD. SPEC. Ell-70 _#pr%

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Metamorphic: Granitic gneiss, highly metamorphosed a:,d silicified,
mode-ately to highly fractured. RQD: (Est.) 10%. DUW: 174 PCF. Medium
strength. Ground water: Dry. Hardness: NA
System Glass: TBM, Calweld #40, 131 dia. 19 Smith Tool r%'BI roller and tricone
cutters. RPM: Head 12, center 26. 347K ft # torque, 1 128K # thrust.
Mucking: Buckets to belt. Haulage: Rail. Support: None.

MDN STUIDY SYSTEM I)ATA ,SiF:t: I \1l)N T-M5 hld, t. No. CL-l Sheet 2
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ROCK DATA:

Lithology: Metamorphic, interlayered transition between quartzite and

tactite. Moderately to strongly altered metasediments, with replacement
pyrite, chalcopyrite and magnetite, and a high percentage of silicates,
very fine to medium grained.

Uniaxial Compressive Strength: 26 KPSI.
RQD: (Estimated) 80%
Dry Unit Weight: 178 PCF.
Ground Water: None apparent
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 16' wide x 14 1/2' high, arched back. Grade: (+) 2%.
* .Ventilation System: 52 KCFM, pressure in heading, 48" pipe and tubing.

Underground fans 48", 150 HP, 2 stage. Exhaust in return airway to
3-54", 150 HP, 2 stage surface fans.

• . Utility System: 6" compressed air, 2" water.
Water Inflow: None apparent.
Power System: 4160/220V for pumps and fans, IIOV lighting.
Haulage System: Wagner ST-8 Scooptram to surge pile at shaft station/rail

mounted skip to surface. Personnel and supplies by diesel truck.
Support System: 13 1/2" x 9' roof plates, 6' x 3/4" rock bolts at 4'.

EXCAVATION DATA:

Conventional Trackless System.
Drilling: Gardner-Denver 3 boom jumbo, 3 PRI23 dvifters, 12' feeds,
Drill Round: 42 holes, 1 3/4" diameter, including 6 hole burn cut, and

I center hole, 4" diameter, all 6' deep.
Explosives: 15# - 1 1/2" x 8", 60% or 75% as primers, 15# - 7/8" x 1b",

30% in trim holes, 25# - 1 1/2" x 16", 45% in 6 hole burn cut, 150#
AN/FO in renvainder of round. Powder factor 5#/cy.

Blasting: Electr.cal, regular delays, 0 through 15.
Mucking: Scoop_'-am.
Guidance: Laser.

MDNSTUDY SYSTEM DATA SHEET T-C1 Ident. No. LK-3 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material

N.A. 1/11/72 Size -0.056" : 0 Size -0.75"-• 3.21

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.,

Liquid Limit18.25 % Plastic Limit 17.92% Shrinkage Ltimit 17. 80 %

Plasticity Index 0. 33 % Toughness Index 0. 06 Flow Index 5. 50

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@ 1. 5% Moisture, 30 (a) 0.4% Moisture, 175 () 1. 5% Moisthre, 290
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction

@ 1.5% Moi'sture, 29° (0 0 .0.0% Moisture, 117.8 (c 0.4% Moisture, 410

70 - - - - - - - - -

DRY UNIT WEIGHT. L005 105 P..Ef

- - MOISTURE CONTENT 0. 1

I LARGEST SIZE OBSERVED21/2'xI'x1/'
50

I~l

WZ30-
lw

100 10

tg o---- - ----\

: = ° • - ,8 --q . . . . . . .'

0 -

SHAPE AI AI AI AI AI AI AI AI AI AI AI

3" 2" 1" 1/2" #4 #8 116 #30 #50 #100-200
STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

3UMMARY
Rock Class: Metamorphic: Quartzite-ta~tite transition, very fine to medium

grained, with replacement sulphides and magnetite, high in silicates. High
strength. RQD:(Est.) 80%. DUW: 178 PCF. Ground water: Dry. Hardness: NA.
System Class: Conventional Trackless. 16' wide x 14-1/2' arch. Three boom

jumbo, 42-6' holes, burn cut. PF 5#/CY. Scooptram mucking and haulage, rail

skip to surface. Support: Roof plates and rock bolts at 4'.

MDN STUDY SYSTrEM DAT'A SllEET MI)N 'r-C1 hIictt. No. LK-3 Sheet 2
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ROCK DATA:

Lithology: Metamorphic, tactite, strongly altered calcareous metasediments,
with replacement pyrite, chalcopyrite and magnetite, and a high percentage
•" silicates, fine to very fine grained.

Uniaxial Compressive Strength: (Estimated) i _PSI.
RQD: (Estimated) 70%
Dry Unit Weight: 181 PCF
Ground Water: None apparent.

Hardness: NA 1-11-72

TUNNEL DATA:

Size: 15' wide x 14' high, arched back. Grade: (+) 2%.
Ventilation Systern: 50 KCFM, pressure in heading, 48" pipe and tubing.

Underground fans 48", 150 HP, 2 stage. Exhaust in return airway to
3-54", 150 HP, 2 stage surface fans.

Jtility System: 6" compressed air, 2" water.
Water Inflow: None apparent.
Power System: 4160/220V for pumps and fans, 10OV lighting.
Haulage System: Wagner ST-8 Scooptram to surge pile at shaft station/rail

mounted skip to surface. Personnel and supplies by diesel truck.
Support System: 6" WF Steel Sets at 5'.

EXCAVATION DATA:

Conventional Trackless System.
Drilling: Gardner-Denver 3 boom jumbo, 3 PR123 drifters, 12' feeds.
Drill Round: 42 holes, 1 3/4' diameter, including 6 hole burn cut and

1 center hole, 4" diameter; all 6' deep.
Explosives: 15#-l 1/,.' x 8", 60% or 75% as primers, 15#-7/8" x 16" 30%

in trim holes, 25#-l 1/2" x 16", 45% in 6 hole burn cut, 150# AN/FO in
remainder of round. Powder factor 5. 5#/CY.

Blasting: Electrical, regular delays, 0 through 15
Mucking: Scooptram.
Guidance: Laser

MDN STUDY SYSTEM DATA SHEET T-C2 Ident. No. LK-4 Sheet I

C-27



MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N..A. 1/11/72 Size : NA Size . NA

ATTERBFRG LIMITS, MATERIAL SIZE IN,

Liquid Limit NA % Plastic Limit NA % Shrinkag., Limit NA %
Plasticity Index NA % Toughness Index NA Flow Idex NA

MATERIAL SIZE IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
(.a) %Moisture, NA @ % Moisture, NA (a) % Moisture, NA
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@ % Moi'sture, NA ((0 % Moisture, NA (( l Moisture, NA

:I ~~ '°ITTI I ll1l Ir
6o-- D•RY UNIT WEIGHT. LOOSE 124 Pe,

_-0MOISTURE CONTENT 1.3
--- LAIa.Aso. LARGES SZOBSERVED 27"X "x18" IxII2II

40 aaa

z 30
C)

20 20

I 4 I S a a _--- . .. ..... . . ....- a

I0

SHAPE AI AI AI AI AI AI AI AI AI AI AI
" 3" 2" 1" 1/2" **4 #8 #16 ,30 #5,o #•oo 20

+6" ~~STANDARD SCREENS: ASTM STD. SPEC. Ell-70 -#•,

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Metamorphic: Tactite, fine to very fine grained, with replacement
sualphides and magnetite, high in silicates. Medium strength (Est. ).
RQD:(Est. ) 70%/. DUW. 181 PCF. Ground water: dry. Hardness: NA.
System Class: Conventional Trackless. 15' wide x 14', arch. Three boom jumbo,
42-6' holes, burn cut. PF 5. 5#/CY. Scooptram mucking and haulage, rail skip
to surface. Support: Steel sets at 5'.

MDN STUDY SYSTEM DATA SIHEET MDN T-C2 hlnt. No. LK-4 Sheet 2
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ROCK DATA:

Lithology: Metamorphic, interlayered bands of hematite and martite,
E highly jointed, normally flat lying, but often highly folded. Natural iron

over 60%, moisture 9%, silica 5%.
Uniaxial Compressive Strength: 7 KPSI.
RQD: (Estimated) 10%'• Dry'Unit Weight: 207 PCF

Ground Water: Formetion generally dry.
Hardness: NA 1-11-72

TUNNEL DATA:

91-11 1 /2" diameter; normal grade: 0%.
Ventilation System: 3 KCFM, pressure, 8" dia. tube, 5 HP @ 250' from

main level.
Utilities: 2" air line, 1" water line, 2-1 1/2" pressure and 1-3" return

hydraulic lines.
Water Inflow- None
Power System: IIOV lighting, 440V to scraper hoist.
Muck Haulage: 30 HP hoist, and 42" scraper to raise, all rail on main level.

Personnel, rail and ladders; supplies by rail cars and hoist.
Support: Continuous; 9'-6" dia. x4" 4WF sets at 15".

EXCAVATION DATA:

Machine: Calweld Oscillator. Wt: 69 K#.
Cutters: 278 Carboloy drag bits. Gage: 20 rippers (experimental).

Interior: 258 "J" tools.
Rotation: 8 RPM
Torque: 1Z00 K ft.#.

Thrust: 300 K# max., 285 K# operating.
Arnchorage: Thrust on installed sels, 285K# operating.
Muck Collection: Flight conveyor to .ear of machine, removal by scraper
Power System: Remote power unit; 2-90 gpm, 2500 psi hydraulic pumps

and 125 HP motors on main level; thrust and rotation through hydraulic
cylinders.

Guidance System: Survey.

MDN STUDY SYSTEM DATA SHEET T-M6 Ident. No. MB-l Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material

"N.A. 1/11/72 Size-0. 056" : 0 Size-0.75" : 4.34

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.

Liquid Limit 17. 8 0/0 Plastic Limit 15. 1 Shrinkage Limit 13.9 %
Plasticity Index 2.7 % Toughness Index 0.66 Vlo.w Index 4. 1

MATERIAL SIZE (-)Z. 0 IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@o)6. 2% Moisture, 370 @6.9% Moisture, 235 6. 2% Moisture, 350

Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction

@6.2% Moisture, 310 00.0• % Moisture, 141 (4 6.9% Moisture, 350

60 DRY UNIT WEIGOT. LOOSE 128 PC-

-- ,MOISTURE CONTENT 7.2

.LRGESTSIE -VED 24"x18" x 8"5 @0 - . - -. ,- .... - '" - " - - - - - - -50

W

40

F 302"

DW 20 ar s

9' 6 dia x 4 H sts a 45"

0 
4

SHAPE AI AI Al AI AI AI Al AI Al AI AI

6 " 1 " 211 1 1/" 4#4 #8 *16 #30 #50 010 oo 0
+'STANDARD SCREENS: ASTM STD. SPEC, Ell-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Metamorphic: Hematite and martite interlayered, highly jointed,
bedding normally flat, often highly folded. Low strength. RQD (Est. ) 10%.
DUW: 207 PCF. Ground water: Dry. Hardness: NA.
System Class: TBM, oscillator, Calweld #53, 9'-11-1/2" diain. 278 Carboloy
drag bits. 8 RPM, 1200 K, ft # torque, 285 K # thrust. Mucking: Flight
conveyor and scraper to raise. Haulage: Rail. Support: Continuous,
91 6" dia. x 4" H sets at 45".
MDN STUDY SYSTEM I)A'I A SIWEFT MI)N T-M6 Wont,u No). MB-1 Sheet 2
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ROCK DATA:

Lithology: Metamorphic, gray mica schist, occasional quartz seams, mica
varies from dense fine grained to extremely coarse.

Uniaxial Compressive Strength: 11 KPSI.
RQD: (Estimated) 30%
Dry Unit Weight: 165 PCF
Ground Water: Major inflow occurs in faults and fault zones.
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 11', diameter. Grade: (+) I to 3%
Ventilation System: 4 KCFM exhaust 14" pipe.
Utility System: 4" waterpipe, no airline.
Water Inflow: 60 gpm, drains in ditch
Power System: 4160/480V
Haulage System: Muck, personnel, supplies by rail cars.
Support System: None, occasional semi-circular plates pinned at spring

line in fault zones

EXC.AVATION DATA:

Machine: Jarva, Mark 11-1100, Total Weight: 70 tons
Cutters: 36 Reed, type QK steel multiple disc. Gage: 8 triple disc.

Center: 2-triple disc. Interior: 26 triple disc.
Rotation: Cutterhead, 10 RPM
Torque: 244 K ft. #
Anchor Pressure: Maximum 3, 402 K#.
Thrust: 1, 134 K#.
Muck System: Buckets from face, belt to rear
Power System: Four 100 HP, 480V motors drive head, 40 HP 480V motor

driven hydraulic system.
Guidance System: Laser

MDN STUDY SYSTEM DATA SHEET T-M4 Ident. No. QL-1 Sheet 1

C-31



MUCK DATAI
Abrasiveness Pot. V0l. Change, Material Spec. Gravity, Material

N.A. 1/11/72' Size -0.056" ' 0 Size -0. 75": 2.57

ATTERBFRCG LIMITS," MATERIAL SIZE. (-)0. 056 IN.

Liquid Limit 24. 0 % Pta4stic Limit 23.3'% Shrinkage Limit 22.7 %
Fasticity Index 0. 7 '% Toughness index 0. 17 Flow Index 4. 0

"MATERIAL SIZE (-)Z. 0 IN.

Angle/Repose I In. Rorop Apparent Cohesion PSF Angle/Repose 10 In. Drop

(9, 8 % Moisture, 39 @, 9.3%Moisture, 125 (6) 9. 8% Moisture, 370
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@8.4% Moi'sture, 400 ( 0.0 % Moisture, 75 0) 9.3% Moisture, 300

DRY UNIT WE4GHT. LOOSE 108 PCF

&M015TUR CQNTENT 9- a
I LA09 7.. ,L E O S R V'E D 2"x 1"X /2

0Z' - - - - I - - -

40

.I

wF 20

2. 0 aa aa a a-,

I-,'

10 aaa a a- - -a~

Z •O...a a .. ji i i i f aa - -

SHAPE P E I P I P I P
o3 2" 1 1/2" #4 # 16 #30 #50 #100- 00

+6' STANDARD SCREENS: ASTM STD. SPEC. Eli-70TO2

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Metamorphic: Mica schist, dense, fine grained to extremely coarse
occasional quartz seams. \4edium strength. RQD (Est.) 30%. DUW: 165 PCF.
Ground water: Minor inflows at fault zones. Hardness: NA.
System Class: TBM, Jarva Mark 11-1100, 11' dia4 36 Reed triple discs.
RPM: 10. Torque: 244 K ft #. Thrust: 1, 134 K #. Mucking: Buckets to
belt. Haulage: Rail. Support: Minor, semi-circular plates in fault zones.

MDN STUDY SYSTEM DATA SII•EE MI)N T-M4 Ident. No. QL-I Sheet 2
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ROCK DATA:

Lithology: Sedimentary, sandstone, fine grained, well compacted light
brown, over 50 percent quartz.

Uniaxial Compressive Strength: 16 KPSI.
RQD: 92%.
Dry Unit Weight: 171 PCF
Ground Water: Dry.
Hardness: Shore 61.

TUNNEL DATA:

Size: 18'-1" dia. Grade (-) 7%
Ventilation System: 17 K CFM, exhaust, 36" dia. pipe, 75 HP@ 4100.
Utility System: 2" water line, 4" pump line. No air line - compressor on

machine.
Water Inflow: 5-10 gpm
Power System: 4160/480V
Haulage System, Muck: 390' of 30" "piggy back" conveyor supported by a

monorail advances with the TBM, discharges on a 36" conveyor suspended
from the back of the tunnel. Supply and Personnel: Diesel jeeps and
trucks.

Support System: 6': x 8. 2# channels x 9.5' or 13. 5' 6- 4' or 2', secured by
4-5/8" x 4' rock bolts. Channels also support monorail.

EXCAVATION DATA:

Machine: Robbins 181-122 Weight: 260 tons.
Cutters: 47 Robbins, Steel Disc. Gage: 5-12". Center: 1-7 1/2" triple,

Interior: 41-12".
Rotation: 4 1/2 RPM (Center integral with head)
Torque: 1200 HP input
Thrust: 1, 580 K# max., 1, 200K# operating.
Muck Collection: Buckets fixed to head, discharging on a 30" conveyor.
Power System: Six-480V., 200 HP motors drive head. Hydraulic pumps

power thrust and anchor cylinders.
Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-M2 Ident. No. 3-1 Sheet I
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- I

S " ;'MUCK DATA

,Abrasivene,ss Pot. Vol. Change, Material, Spec. Gravity, Mate(ria'!

-N.A. 1'/11/7Z Size -0. 065"1 10 ' Size -0.75" : 2.73

ATTERB'FRG L(MITS, MATERIAL SIZE (-)0. 185 IN.

Liquid Limit 16.90 % Plastic Li'mit 15.50 N% Shrinkage 1,imit 15. 18 4/,

'Plasticity Index 1.40 0/j Toughness Index 0.28 Flow Index 5.0
4 I

"""MATERIAL SIZE (-)2. 0 IN. ,

Angle/Repose 1:In. Drop Apparent Cohesion PSqF !Angh,/Repose 10 In. brop
* @ 6.3% Moisture, 350 () %'Moisture, NA (a) 6. 3 '1/6 Moisture, 29"

Angle Slide Steel Plate Bulk Density P1ZF Angl&, Internal FHi'ition
@ 6.3% Moi'sture, 280 ', 0IocMoisturie, NA C•v 4.8% Moisture, 290

?" 0 f I ,, 1 1

,' JDRY UNIT WE:IGHT, LOOSE 83 EgE

SI . . ... ,.._ -MOISTURE CONTENt' 5-4 %6 •

!,-•l • I•0LARGEST R•Z OB EDVp 2'/2" xSx",.
4I

.40

* -,- L FI.~ WEGT.LOE8 PC

-30-- --

L S20AS S ,

Q n

P P4 PI PI PI PI A A A
2" t4 8,*1

3" 2" I" !/2" #4 #8 #16 #30 #50 #100
+6 STANDNRD SCREENS: ASTM STD. SPEC. Eli-,70

MOCK: PCT. BY WT. AND.SHAPE BEIWEENISCREENS

SUMMARY -
Rock Class: Sedimentary: Sandstone, fi'ne grained, well compacted, over 50%

quartz. High strength. RQD: 92%. DUW: 171 PCF. Ground water: Dryv.
Hardness: Shore 61.,
System Class: TBY, Robbins 181-12?, 18' -1' dia. 47 Robbins disc cutters,
4-1/2 RPM, 1Z00 F• tHP ue, 1,200 K # thrust. Mucking: Buckets to belt
conveyor. Haulage: Tr 'Reing conveyor - suspended conveyor - skip to surface.
Support: Channels and rock bolts at 4' or 2', cortinuous.
MDN STUDY SYSTEM DATA SIIEEl MI)N 'T-MZ Iht.,t. No. 5-1 Sheet 2
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S" I I I

Ii"thology: Sedimentary, sandstone, five grained, well compacted light

brown, ovir 50 percent t4uarl~z.
Uniaxial c6ompres~sive Strength: 16 KPSI.
RQD: 92%.
Dry Unit Weight: 171 PCF.
Ground Water: dry.
Hardnessi: Shore 61.

SI * I,.

TUNNEL DATA:

Ventilation. System: 17 K CFM, exhaust, 3," dia pipe, 75 HP @ 4!00'.

I u iIie c mp e s ro

Utility System: Z" weater line, 4" pu grap line. N we -compre r on
m~achine` '

Water Inflow: 5-10 pmrcen. a
Power System: I 4166/4."V.
Haulage System, Muck: 3W of 30" "1piggy back" conveyor supprted by a'

nionora~il advances w~th the TBM, dischargles on a 36"1 cdnveyo~r si.,spended
from the back of the tunnpl. Supply and personnel: Diesel jeeps and

trucks.
Support System: 6" x,8. Z# channels x 9. 5' or 13. 5',(q; 4' or 2', secured by

*,4-5/8"ix 4' roc4 bolts. Chanz~elg ,alslo support monorail.

EXCAVATION DATA: ,

Machine: Robbins 181-122' eight: '260 tons.
Cutters: 47 Robbins. Steelm Disc. Gage: 5- 1". penter: 1-7 1/2" triple,

Interior: 41412l". 1
Rotation: 4 1/2 tRPM (Cente4 integral with hea re)
Torque: 800 HP Input ,
Thrust 1,n580 K#'max., 1,200K# operating.
Muck Collection: Buckets fix'ed tp head, discharging *on a 30" conveyor.
Power System: Four-480V., 200 HP nitors Orive head. Hydraulic pu.ps

power.thrust a:nd an !chor cylinders.1
Guldance System,: Laser.

MPN STUDY *SYSTEM DATA SHE2ET T1 Mý Ident. No. 7-2 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N. A. 1/11 /72 Size -0. 056" 0 Size -0. 75" :~2.63

K ~ATTERBFRG LIMITS, MATERIAL SIZE(-)0. 056 IN.

Liquid Limit 413. 0 % Plastic Limit 17. 63 %'l Shrinkage Limit 17. 58%
Plasticity Index 5. 37 % Toughness Index 0. 78 Flow Index 6. 90

MATERIAL SIZE (-)Z. 0 IN.

Angle/Repose I In. Dr,)p Apparent Cohesion PSF Angle/Repose 10 In. D)rop
@ 2. 6% Moisture, 320 (a)2. 8%" Moi stu re, 0 f(Z. 6 % Moisturv, 310
Angle Slide Steel Plate Bulk Density PGF Angle Internal Friction
@ 2. 6% Moi'sture, 290 600.0 %Moisture, 92. 8 (a)2. 8% M oi stitre, 440

70 __

DRYX UNIT WE~Ibj. LOOSE 90 PCF[-------M1I.V.&R.SCONTENT 4.0%
~~ I ~50 - m m --

40

W30

20

SHAPE PI P1 Pi PI PI P1 PI A A A

2" i 1/2" #4 #8 *16 *30 #50 #100 -0
+6 STANDARD SCREENS: ASTM Sia, SPEC. Ell-70

MUCK: PCT. BY WT. AND SidAPE BETWEEN SCREENS

SUMMARY
Rock Class: Sedimentary: Sandstones fine grained, well compacted, over 50%1
quartz. High strength. RQD: 92%. DUW: 171 PCF. Ground water: Dry.
Hardness: Shore 61.
System Glass: TBM, Robbins 181-122, 18' -1" dia. 47 Robbins disc cutters.
4-1/2 RýPM, 800 HP torque, 1,200 KO thrust. Mucking: Buckets to belt conveyor.
Haulage: Traveling conveyor - suspended conveyor - skip to surface.
Support: Channels and rock boiti at 4' or 2', continuous.
MDN STrUiY SYSTrEM DAT~A SIIEE M*Il)N T-M2 blent.t No, 7-2 Sheet 2
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ROCK DATA:

Lithology: Sedimentary, "shale', massive to thinly-laminated, interbedded
siltstone and shale, with minor sandstone and limestone layers. Grain
size varie-s from fine to coarse, quartz conteit from 24 to 33%.

Uniaxial Corn-pressive Strength: Four major bels: 27K to 29 KPSI, two
minor beds: 15K tc 17 KPSI.

RQD: (Estimated) 90%.
Dry Unit Weight: 152 PCF.
Ground Water: Dry
Hardness: Shore 41 to 55 parallel to bedding planes, 41 to 54 perpendicular.

TUNNEL DATA:

Size: 24' wide x 7 1/2' rectangular. Grade: Varies
Ventilation System: 80-IOOK CFM, pressure
Utility System: 4" air, 4" water, 4' pump, where required.
Water Inflow: Normally none.
Power System: IlOV. lighting-all equipment diesel or air powered.
Haulage System: Wagner ST-5 Scooptrams, lo ton shuttle cars to conveyors,

1 1/2 CY loaders for cleanup. Personnel and supplies, diesel jeeps and
trucks.

Support System: 5/8' x 6' rock bolts on 4' x 4' pattern, 11' wide x 10' roof
plates where required.

EXCAVATION DATA:

Conventional Trackless System.
Drilling: Two boom hydrojib jumbos, A&93 drifters, 14' feed.
Drill Round: 35 holes, 1 3/4" diameter, 10 1/2 to 1]' deep, and 1-6' buster

hole, V-cut.
Explosives: 16# -1 1/4"x8", 75% primers, 32#-1 1/4" x 12" RXL, 60% in

lifters, 11# coalite 5Y, 1 1/4' x 12" in back holes, 175# AN/FO in
remainder of round. Powder factor: 3. 5#/CY.

Blasting: Electrical, MS delays.
Mucking: Wagner ST-5 Scooptrams.
Guidance: Transit/Laser.

MDN STUDY SYSTEM DATA SHEET T-C3 Ident. No. 11-3 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spe (;ravity, Material

N.A. 1/11/72 Size : NA Size NA

ATTERBFRG LIMITS, MATFRIAL SIZ, IN..

Liquid Limit NA % Plastic Limit NA % Shrinkage Limit NA %
Plasticity Index NA %0  Toughness Index NA ]low Index NA

MATERIAL SIZE IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Anglo/Ropose 10 In. Drop
C@ % Moisture, NA (0il % Moisture, NA (d) % Moisture, NA
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@ % Moisture, NA (a) % Moisture, NA (a, % Moisture, NA

70= 222_tll221T12Wt - - -i

s0 DOY UNIT WEIGHT, L9OSE 99 PCF

- M-OIS URE CONTENT 1L % l-
50 ARGET SI• B VE 18" x I x 4

40

40 1 - - - - -

- I

10 I to 1- 0 ... . I - _ - - -

iiSHAPE PA PA PA PA PA A A A A A JA
f "3  2" I" 1/2" #4 #8 #16 #'-0 #50 #100

STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MIUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMAMARY
Rock Class: Sedimentary: Shale and siltstone, minor sandstone and limestone,

thin to massive, fine to coarse grained. High to medium strength. RQD:(Est.) 9050.
DUW: 152 PCF. Ground water:, Dry. Hardness: Shore, 41-55.
System Class: Conventional trackless. 24' wide x 7-1/2 , rectangular. Two

boom jumbo, 35-11' holes, V cut. PF 3.5#/CY. Mucking: Scooptram.
Haulage: Scooptram and/or shuttle cars to conveyor. Support: 'ock bolts,
4' x 4' pattern.
MDN STUDY SYSTEM DATA SHEEKT MI)N T-C3 Ide•it. No. 11-3 Sheet 2
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ROCK DATA:

Lithology: Sedimentary, "shale', massive to thinly laminated, interbedded
siltstone and shale, with minor sandstone and limestone layers. Grain
size varies from fine to coarse, quartz content from 24 to 33%.

Uniaxial Compressive Strength: Four major beds: 27K to 29 KPSI, two
minor beds: 15K to 17 KPSI.

RQD: (Estimated) 90%.
Dry Unit Weight: 166 PCF.
Ground Water: Dry.
Hardness: Shore 41.0 to 55 parallel to bedding planes, 41 to 54 perpendicular.

TUNNEL DATA:

Size: 18' wide x 8 1/2' high, rectangular. Grade: Level.
Ventilation System: 20 KCFM exhaust from fac , pressure to entry, 40 HP.
Utility System: 2" water line (250 cfm compressor on machine trailer).
Water Inflow: None.
Power System: Cable to trailer mounted transfcrmer.
Haulage: Muck by diesel shuttle car to conveyor, personnel and supplies by

diesel truck.
Support 3ystem: 5/8" rock botts, normally 6' long on4' x4' spacing, as required.

EXCAVATION DATA:

Machine: Atlas-Copco 4 head prototype. Weight: 180 LT. Two 4' dia. heads
are mounted on each side of center on horizontal booms rotated about vertical
pivots. Heads are rotated around boom centerlines by motors and reducers
integral with the booms; booms and heads rotate from -ide to forward positions.

Cutters: 48 SandvikT. C., drag type, mounted on head peripheries. Leading
cutters, 40mm wide, 8 per head; Finish cutters, 120nmm wide, 4 per head.

Rotation: Upper heads, 3 1/4 RPM. Lowtr: 1 3/8 RPM.
Torque: Head rotation: 80 KW'v. Boom rotation: 100 LT per boom.
Thrust: 488 LT producedby 4 hydraulic cylinders between advanced and front

units.
Anchorage: Two top and two si(. cylinders, approximately 1,000 K#.
? luck Collection: Flight conveyor- move muck from sides to a central 26"

flight conveyor, discharging on i. 9 1/2' dia. star wheel. The wheel ieeub
a 25" belt conveyor, transferini muck to a Joy loader and shuttle cars.

Power System: 4160/600/120V, oO cy. Head rotation: 4-80 KW motors,
hydraulics: 2-78 KW motors, 2300 psi.

Guidance: Transit/Laser.

MDN STUDY SYSTEM DATA SHEET T-M4 Mdent. No. 11-4 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N.A. 1/11/72 Size NA Size NA

ATTERBFRG LIMITF, MA''F-RIA1, SIZE IN..

Liquid Limit NA % Plastic Limit NA 0  Shrinkag.e Limit NA %

Plasticity Index NA %, Touglintcss Index NA Fl.ow Index NA

MATERIAL SIZE IN.

Angle/Repose 1 It,. Drop Apparent Cohesion PSF" Angle/Repose 10 In. Drop
@ % Moisture, NA (•.• %"0 Moisture, NA (Mo % M.isture, NA
Angle Slide Steel Plate Bulk Density PCF' Angl, Internal Friction
@) 0 Moi'sture, NA (,,' Moistur-, NA (I' ý Moisture, NA

-0 -1 1 1'__ 1_ 7_ _Ti
sDRY UNIT WEIGHT, LOQSE 2..6_2.(E60 ,, .- -

-'MO:'STURE CONTENT 1.1

-LAREST SIZE OBSERVED 8" K8" x4"
50

40

"Z 30 - ---- -- -- -- -- --- -- -- -- -- -- -00

w

+2 " -X7

5AEPA PA PA PA PA IPA PA PA A A A+6 STANDARD SCREENS ASTM STD. SPEC. Etl-70

M;UCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY

Rock Class: Sedi__entry: Shale and siltstne, minor sandstone and limestone,
thin to massive, fine to coarse grained. High to medium strength. RQD:(Est.
90%. DUW: 166 PCF. Ground water: Dry. Hardness: Shore 41-55.
System Class: TBM, Atlas-Copco. 18' wide, x 8-1/2' rect. heading. Sandvik
TC "drag" bits, 12/head, 4 beads. RPM 1-1/4 normal. Torque 80KW/head,
10OLT/boom. 48OLT thrust. Muckin,: Flight con, uvor - starwheel-L'It -
icadcir. Haulage:' Shuttle car to convmyor. Support' Rock bolts at 4'.
MDN STUI)Y SYS"I'2KI [)A'I'A 5 II'KI'I \11)\ T-M4 1(1 iit. No. 11--4 Shi*et 2
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ROCK DATA:

Lithology: Sedimentary, limestone, light to medium gray, fine grained,
some chert nodules, traces to occasional clay partings.

Uniaxial Compressive Strength: 8 KPSI.
RQD: (Estimated) 100 percent.
Dry Unit Weight: 176 PCF.
Ground Water: Table above tunnel, occasional seepage from minor fractures

and faults.
Hardness: Shore, 46.

TUNNEL DATA:

Size: 13'-8" diameter. Grade (+) 1/4 percent.
Ventilation System: 21 K CFM exhaust, 28' pipe.
Utility System: 6" air line, 2" water line, 6" pump line.
Water Inflow: 40 to 120 gpm.
Power System: 4160/480V.
Haulage System: Muck, supplies, personnel, by rail cars.
Support System: None.

EXCAVATION DATA:

Machine: Alkirk Hardrock. Weight 400 tons. Cutters: 28-Lawrence Mfg.
Company, Tungsten Carbide Button, roller, disc, and tricone. Gage:
5-15" TCB roller. Center: 1-24" TCB tricone. Interior: 11-15" TCB
disc., 11-15" TCB roller.

Rotation: Center cutter-30 RPM, Head-9 RPM.
Torque: Center 150 HP. Head 600 HP.
Thrust: 853 K#
Muck Collection: Buckets from face discharging on 24" belt conveyor.
Power System: Electro-Hydraulic. Total HP: 910.
Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-M3 Ident. No. LAW-2 Sheet I
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MUCK DATA

r Abrasiveness Pot. Vol. Change, Material Spe('. Gravity, Material

N.A. 1/11/72 Size -0. 065" 0 Si'e -0. 75": 2.83

ATTERBFRG LIMITS, MATERIAL SIZF (-)0. 185 IN.

Liquid Limit 1Z. 5 % Plastic Limit 12. 3 % Shrinkage Limit 9.6 %
Plasticity Index 0. 2 % Toughness Index 0. 05 Flow Index 4. 0

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. I)rop

@ 5.4% Moisture, 39°0 0 % Moisture, NA ((0 5.4% Moisture, 380
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction

@ 5.4% Moi'sture, 310 (a) % Moisture,NA () 7 % Moisture., 300

I0 , il !-- - -----

60 - - ~QBL.VUNIT WEIJHT. LOOSE 92 P -- -

-, MOIS TRE CONTENT 7,2 9
•. ILARGEST SIZ OB ER E 3" x 2" x W,

T x50 .. ..

SA 40PA! ' P I

10-

6N1 3" 2" 1" 1/2" #4 #8 *16 .30 #50 #10

+6 STANDARD SCREENS: ASTM STD. SPEC. Eli-7O

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Sedimentary: Limestone, fine grained, some chert nodules,
occasional clay partings. Low strength. RQD: (Est.) 100%. DUW: 176 PCF.
Ground water: Minor. Hardness: Shore 46.
System Class: TBM, Alkirk Hardrock, 131 8" dia. 28 Lawrence TCB1 roller,

disc, tricone cutters. RPM: Center 30, head 9. Torque: Center 150 HP,
head 600 HP. Thrust: 853 K #. Mucking: Buckets to belt. Haulage: Rail.
Support: None.
MDN SrUDY SYSTEM DATA SlIEET MI)N T-M3 hlent. No. LAW-2 Sheet 2
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ROCK DATA:

Lithology: Sedimentary, limestone, light to nmedium gray, fine grained,
some chert nodules, traces to occasional clay partings.

Uniaxial Compressive Strength: 8 KPSI.
RQD: (Estimated) 100 percent.
Dry Unit Weight: 176 PCF.
Ground Water: Table above tunnel, occasional seepage from minor fractures

and faults.
Hardness: Shore, 46.

TUNNEL DATA:

Size: 131-811 diameter. Grade (+) 1/4 percent.
Ventilation System: 20 K CFM exhaust, 28" pipe.
Utility System: 6" air line, 2" water line, 6" pump line.
Water Inflow: 40 to 120 gpm.
Power System: 4160/480V.
Haulage System: Muck, suppl•.s, personnel, by rail cars.
Support System: None.

EXCAVATION DAI'A:

Machine: A.Ilu:k 1?ardrock. Weight 400 tons. Cutters: 28-Lawrence Mfg.
Conmprip.y, .s:r. Carbide: Button, roller, disc, anu. ricone. Gage:
5-15' CCL :,icr. Cernter: .1-24" TCB tricne. Inter.or: 11-155" TCB
disc.', li-.ý 2CB roller.

Rotation: Con-:f cattvr-30 RPM, Head-9 RPM.
Torque;: Ceni-e 150 HP. Heaa 600 HP.
Thrust: 8, ý l, r
Muck Collction: Buckets froxii face, dischar.,ig on 24" bult Lonveyor.
Power Systmrn:. Electro-Hydra,,1if. TotalHP: 11 )10.
Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-M3 ident. No. LAW-3 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N.A. 1/11/72 Size-0. 065" : 0 Size -0. 75" : 2.80

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 185 IN.

Liquid Limit 11.8% Plastic Limit 10.6 Shrinkage Limit 10.0 %

Plasticity Index 1.2 % Toughness Index 0.41 Flow Index 2.9

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@6.1% Moisture, 410 (d ' % Moisture, NA (a0 6. 1% Moisture, 400

Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@8.4%Moi'sture, 380 % Moisture, NA (a) 7 % Moisture, 320

70 - - - - - - - -

60 DRY UNIT WEIGHT. LOOSE 93 PC-
-MOISTURE CONTENT 5.5

,.I I.LAR GEST SIZ O S R V\E DQ 3" x 2%"x '•
=€50

40

W 30
0.)

a.20

SHAPE PAI PAI PI PAI I I I I I

3i 2 I" 1/2" #4 #8 #16 #30 #50 # 200
STANDARD SCREENS: ASTM STD. SPEC. Eli-70

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Sedimentary-, Limestone, fine grained, some chert nodules

occasional clay partings. Low strength. RQD: (Est.) 100%. DUW: 176 PCF.
Ground water: Minor. Hardness: Shore 46.
System Class: TBM, Alkirk Hardrock. 131 8" dia. 28 Lawrence TCBI roller,
disc, tricone cutters. RPM: Center 30, head 9. Torque: Center 150 HP,
head 600 HP. Thrust: 853 K #. Mucking: Buckets to belt. Haulage: Rail.
Support: None.
MDN STUDY SYSTEM DIATA SIIEET MI)N T-M3 Ident. No. LAW-3 Sheet 2
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ROCK DATA:

Lithology: Sedimentary, limestone, light to medium gray, fine giained,
some chert nodules, traces to occasional clay partings.

Uniaxial Compressive Strength: 10 KPSI.
RQD: (Estimated) 100 percent.
Dry Unit Weight: 176 PCF.
Ground Water: Table above tunnel, occasional seepage from minor,,

fractures and faults.
Hardness: Shore, 46.

TUNNEL DATA:

Size: 13'-8" diameter. Grade (+) 1/4 percent.
Ventilation System: ZI K CFM exhaust, 28" pipe.
Utility System: 6" air line, 2" water line, 6" pump line.
Water Inflow: 40 to 120 gpm.
Power System: 4160/480V.
Haulage System: Muck, supplies, personnel, by rail cars.
Support System: None.

EXCAVATION DATA:

Machine: Alkirk Hardrock. Weight 400 tons. Cutters: 28-Lawrence Mfg.
Company, Tungsten Carbide Button, roller, disc, and tricone.
Gage: 5-15" TCB roller. Center: 1-24" TCB tricone. Interior: 11-15"
TCB disc., 11-15" TCB roller.

Rotation: Center cutter-30 RPM, Head-9 RPM.
Torque: Center 150 HP. Head 600 HP.
Thrust: 853 K#
Muck Collection: Buckets from face discharging on 24" belt conveyor.
Power System: Electro-Hydraulic. Total HP: 910.
Guidance System: Laser.

MDN STUDY SYSTEM DATA SHEET T-M3 Ident. No. LAW-4 Sheet 1
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Ell MUCK DATA

Abrasiveness Pot. Vol. Change, Material -Spec. Gravity, Mcatrial
N. A. 1/11/72 Size -0. 056"1 0 Size' -0. 75" 2. 73

ATTERBFRG LIMITS, MATERIAL. SIZE (-)0. 056 IN.

Liquid Limit 20.2 % Plastic Limit 20. 0 %Shrinkage'Limit 13. 5 %i'
Plasticity Index 0. 2 a! Toughness Index 0. 05 Flow Index 4. 7

MATERIAL SIZE (-)2. 0 IN.

Angle/Rep~ose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@ 8. 9% Moisture, 420 (Ui) % Moisture, NA 4u 8. 9% Moisture, 340
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@ 8. 9% Moi'sture, 370 () % Moisture, NA @ )8.8% Moisture, 280

60 D R Y - U N IT A l_ _ _ _ -T. L O S -0 -

-5 S - - --

40'

2 ii"#o8 ~ I 3 5

STNAD SRESCSM ST.SE.EtL #0MUCK PC.B1T7AD0 AEBTWE CEN

3UMMARYoý7*

System Class:STBMDAk Rk haRdroNk: 13' 8'TDa. 28EC ELawene CB rllr
discMCK tioectes RPM:. Cete 30, heaD 9.AP BTorqEEN SCRENteS ,1la

600 A11 -iesP.e Tfut 5 . Min e Bucknets to bet. Hauae: noail. sSuport: Non, e.ietry i
Mccsina S clay pYStings Med' SI!iu stenth TM3 (dEst. )N00. DAW-4 17 PC

Ground~~~~~~~ -aeMnr arns:Soe46.



ROCK DATA:

Lithology: Sedimentary, limestone, gray, fine grained, horizontal joint
spacing 6" to 1'.

Uniaxiai Compressive Strength: 36 KPSI.
RQD: (Estimated) 85%
Dry Unit Weigl't: 166 PCF.
Ground Water: Minor, in fault zones.
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 111311 round, Grade: (+) . 2%.
Ventilation System: 4 KCFM, exhaust, 18" pipe, 25 HP.
Utility System: 6' air line, I" water line, 6" pump line.
Water Inflow: 5-10 gpm.
Power System: 4680/440V.
Haulage Syrtem: Muck, supplies, personnol, rail cars, 3 ton motors, tra,k

gage 24".
Support Syst(nm: 4" H-1 rings sets in fault zones, occasional pinned steel

lagging.

EXCAVATION DATA-

Machine: Jarva Mark 11. Total weight: 55 tons.
C 'tters: 27 Reed steel triple disc and cone. Gagt. 4-QK5 steel disc.

.enter: I-CKI steel cone. Interior: 22-QK3 steel disc.
Rotation: Cutterhead RPM ). 3.
Torque: Maximum 235 Kft#.
Thrust: 618 K# maximum, 590 K.#-optrating. Anchor Pressure: 1,650 K#.
Muck Collection: Bucket from face to 18" belt to 24" belt on gantry.
Power System: 440 volt, 4-100 HP nitors drive head and 1-40 HP motor for

hyd 'aulic systern.
Guidance: Laser.

MDN STUDY SYSTEM DA'1 A StEET T-M4 Ident. No. MIIL-1 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, MaterialN.A. til /11/72 Size -0..056" : 0 Size -0. 75" :' 21.89j N I i

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.

Liquid Limit 16. 90% 1  Plastic Limit 15. 69, Shrritkage Limit 15.46%
Plasticity Index 1.21 % Toughness Iidext 0.24i F'low Index 5. 00

MATERIAL 9IZE (-12.0 IN.

Angle/Repose I In. Drop Apparen't Cohesion PSF Angle'/Reposc 10 In., Drop
S@ 2.5% Moi'sture, 360 ((w 4. 1% Moisture, 95 1 (a) 2.5 % Moistitire, 350
Angle Slide Steel Plate' Bulk Density PCF Angl e Internal Fri-ction
@2.5 % Moisture, 300 (0' 0. 0/; Moisturev, 86 (0) 3. 5 % Moi stuire, 3 0

70

660 - - DRY UNIT WEI GHT. LOOSE 89 PCF

,' -- MOISTURE CONTENT 5.5 %
i .. •-: 50LARGEST 1IZE OBSERVED 2" x 1" x 1/2"_

40- - - - - - - -

I- 30,-- -- ----
W

L 20 L -- -Iu

SHAPE PE PI PI PI PA' S S S
A 6 3" 2" I"- 1/2" 44 #8 *"16 #30 #50 #100

STANDARD SCRLENS; ASTM STD. SPEC Ell-70
MUCK: PCT'. BY WT. AND SHAPE BETWEEN SCIýEENS

SUMMARY
Rock Class: Sedimentary, limestone, fine grained, horizontal ioiAt spacing
6" to 1'. Very high strength. RQD:(Est. ) 85%T DU\\' 166 PCF.
Ground water:, Minor. i Hardness: NA.
System, Class': TB.I, Jarva Mark I1," !1' "",li,a. 27 Reed triplt: cis-" cutters
RPM: 9.3. 'Torque,: 235,,K ft #. Thrust: 5196 K 4. Mucking" Bucket he belt.
Haulage: Rail. Support: !H ring sets in fault /olnes.

- I

MDN STUI)Y SYS'I'EM DA1TA SI"51tl1:, I \1I)\ T-M4 hilt •t. No \., MIL- 1 Sh,.t 2
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,ROCK DATA:

"Lithology: Sedirnentary, limestone, gray, 'fine grained, horizontal joint
spacing 6"1 to 1'. ! '

UtiiaNial Compressive 5trength: 36 KPSI'.

RQD: (Estimated) 85% -
Dry Unit Weight: 166 PCF.
Ground Water:. Minor, in fault zones.
Hardness: NA 1-11-7Z

TUNNEL DATA,

Size: 111'3" round, Gra'de: (+) ..Z.%.
Ventilation System: 4KCFM, exhatst,,l801 pipe, 25 HP.
Utili'ty Sy~tem:, 6' air line, I"' water line, 6" pum'p line.

* Water lhflow: 5-10 gpm'.
,' Power Systenm: 4680/440V.

iHauiage System: Muck, supplies, personnel, rail cars, 5 ton motors,
track gage 24". 1

Support System: E4411 rings sets in fault zones, occasiona-l pinned'steel
lagging.

EXCAVATION DATA: ' I

Machine: Jarva Mark,ll, Total weight: 55 tons.
Cutters: 27 Reed steel triple disc and cone. Gage: 4-QK5 Ateel disc.,

Center: 1-QK1 steel cone. Interior: ZZ-QK3 stieel disc.
Rotation: Cutterhead RPM 9. 3.
Torque: Maximum 235 Kft#.
Thrust: 618 K#' maximum, 596 K. #-opcratigig Anchor Pressure: 1, u50 Ka.
Muck Collection: BucKet from face to 18" belt to 24" belt on gantry.

t Power System: 440 volt, 4-100 HP motors .irive head aIid 1-40 HP inutor
for hydraulic systenm. I ,

Guidance: Laser. i

I I ! 4

MDN STI.JDY SYSTEM DATA SHEET T-M4 16ent. No. MIL-2 Sheet I
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M fUCK DATA

Abrasiveness Pot. Vol. Change, Material Spe.: (.ravity, Material

N.A. 1/11/72 Size : NA Size : NA

ATTERBFRG LIMITS, MATERIAL SIZF IN.

Liquid Limit NA % Plastic Limit NA 04 Sh rilka.,' Li mit NA %
Plasticity Index NA % Toughness IndeN NA 'l)w 1i,•-xNA

MATERIAL SIZE IN.

Angle/Repose I In. Drop Apparent Cohesion PSF AngI,/Rejpo.,' 10 In. D)rop
@ % Moisture, NA ((I) 'ýj, Moisture, NA ((6 'l Moisti,11", NA
Angle Slide Steel Plate Bulk INxIns iy PC F Angl(,' Inte rnal Friction

',o Moisture, NA (v Moisture, NA ,', Moest,ir(., NA

70 ,- - - - - --

60DRY UNIT IGHT, LOOSE 89 PCF60 ..... - - a -
MOISTURE C:ONTENT 6. 1% %.

I- LARGEST SIZE~i OBSERVED 3"x2" x,'21- 50 . ..- '-... .. .

z --- I'--,-40_

20 --------

0 --- 1 t4.---7

SHAPE PE PI PI PI PR :3 S

S6" 3" 2" I" 112" 04 -,;7 -36 "30 45O *00 2'#00
+6" STANDARD SCREENS ASTM STD SPEC Ell- 70 -4200

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCR'IENS

:i U :` N1 A R ' Y

F ,ik (lass: Sedimentary, iimestone, fmne •rained, horizont,& 'uint opacin-,
6"' to F' Very high strength. RQD:(Est. ) 85, . ,,: 166 P•-v.
Ground water: minor. Hardness: NA.

System ('lass:: TBM, .Tarva Mark II, 1 I' I I ha. 27 Rt Ld triph, ' cuttt rs.

RPM: 9. 3. Torque. 235 K ft #., Thrust: 5 1K6 . 4. Ž,u'-kiri' 1' rk-t to be't.
ItauI.±ic: Ra,1. Support: H ring sets in fault ,.on,,,.

%M1):N S l' l) N SY•T' EM 1 )ATA .),1l1., 1: I 11', N T-M- I,1.I. N.. Lt-2 . ,,t
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ROCK DATA:

Lithology: Sedimentary, sandstone, miedium grainedi, light brown to red,
mnassive, porous, poorly cemented.

Uniaxial Cormpressive Strength: 10 KPSI
RQD:. (Estimnated) 84%
Dry Unit Weight: 150 PCF
Ground Water: Gienerally dry.
H-ardiness: NA 1/11/72

TUNNEL DATA:

Size: 12'-11" diameiter. Grade: ().125%
Ventilation System: 15-17 KCFM exhaust, 36' dha. pipe, 100 HPA(, 4100'.
Utility System: 3 1/2" water line, 6" air line, ,8" pum-p line.
'Water Intflowv: 20-100 gpm.
Powver Systemn: 7300/480V
H-aula-e System: Muck,' supplies, personn~el, 10 ton locomotives, 10 CY

cars, 24" gage, 65 lb. rail;
Support System-: 4" H1 full rings, 4' centers: 35%'; 13"1 x 9' pans 3/-1" x 71

rock bolts: 10%.

E.XCA\TATION DATA:

Mtachine: Robbins 141 -1271, total weight: 125 tons.
Cmuttei s: 30 Robbins steel disc. Gage: 6-1 1'. Center: 1 -11" triple disc.

Interior: 23-11'.
Rotation: Center cutter int~gral with head., 6 or 3RPM.
Torque: 600 HP
Thrust: 900 K#~ max. , 685 K. ii operating. Anchor pressure: 1, 000 K 4.
Muck Collection: Pickup by buckets fixed to head, discharging on 30'" belt

to a 241' x 204' belt o-n gantry.
Power System: 6-480/240V electric motors drive.head.. Hydraulic pump~s

powver thrust and gripper cylinders..
Guidance Systchi: Laser

TMDN STUDY SYSTEM DATA SHEET T-M6 Ident. No. LAY-i Sheet I



MUCK DATA

Abras ivenes s Pot. Vol. Change, atvrial . (;ryitvit, Mate-rsIl
N. A. 1/11 /72 Size -0. 056' : 0 Sii.p -0.75" 2,66

ATTERBFRG LIMITS, MATERIAl. 1S/.!.F (-)0. 056 IN.

Liquid Limit 21; 20 % Plastic limit 1'7. 06% Sh riik.i Isii 15. 17S
Plasticity Index 3. 14 14, Toughness fIndvx 0.52 I ljiw [wici' 6. 00

MATEVRIAl, SIAF: (-)2. 0 IN.

Angle/Repose I In. 1) rop Apparent C(tuesion PSI" Angl,./lRepos, III Iii. IDrop
@3.6% Moisture, 37°0 00 3. 6 N1 MoistLire, 210 (i 3.6", M1ist tr,., 350
Angle Slide Steel Plate I1tilk Dens ity P(C F AngIv Inte riial Frict ion

0 3.6 % Moi'sture, 270 (10. 0 N'hois itre., 97.4 (1 3.6" ,vM i:;t ire. 380

70 [ I L 22 2 - l I

60-DRY UNIT WEI'GHT, LOOSE I05 PCF , - -

MOIS TURE'CONTENT 4. 1 .'

s L- AR'GEST sIzE O3BS ERR VE D V"x4"x W'

50

Z 30--

w t

......................................

10

SHAPE "PI P_ P PI -A A A A A
6" 3" 2" 1 " I1/2" -#4, "#8 -016 -&:ý0 4`50 A 00 i#c~

+6" STA.NDARD SCREENS: ASTM STO. SPEC. EnI- P-"),

MUCK: PCT. BY 'WT. AND SHAPE BETWEEN ,REI-NS

SUMMARY
Rock Class.: Sedimentary: Sandstone, medium grained, in,% l,

cemented. Medium strength. RQD:(Es.t..) 84%. DUW: 150 PCF. G(ound "xt,,

"Dry. Hardness: NA.
Systeým Class: TBM, Robbins 141-IZ7, 12' 11" dia. ?. N R,

6 RPM, 600 HP torque, 680 K# thrust. Mucking: Buzkets to belt conveyor.

Hailage: Gantry conveyor to rail cars. Support: Steel ring sets, 35%. roof pans

and rock bolts, 10% of'4100'.

MDN STUDY SYSTEM DATA SIIF' 1,UT MI)N T-M6 Idnt.L No. LAY-I Sheet
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ROCK DATA:

Lithology: Sedimentary, siltstone, fine grained, gray, more than 33% quartz,

30% clay, 10% feldspar, 15% mica, chlorite and gypsum.

Uniaxial Compressive Strength: 2 KPSI
RQD: (Estimated) 70%
Dry Unit Weight: 142 PCF

Ground Water: Table above tunnel hut sealed off by overlying beds.

Hardness: NA 1-11-72

TUNNEL DATA:

Size: 20. 5' round, Grade: (+).05%

Ventilation System: 18 KCFM exhaust 30" pipe, 60 HP.

Utility System: 6" air line, 4" pump line
Water Inflow: 50 GPH.

Power System: 4160/440V, rectified to 440 DC for head drive motors.

Haulage System: Muck, supplies, personnel, by lo CY cars, 15 ton motor,

24" gage 70 lb rail.

Support System: Rock bolts, 8' and 10' x 3/4", set in epoxy with 5' and

13' x 16 gage pans, shotcrete placed to prevent air slacking.

EXCAVATION DATA:

Machine: Dresser TB-205, total weight: 200 tons

Cutters: 36 Dresser steel and TCB insert discs, 32 Kennametal U43 and

U44 'pick" bits. Gage: 6-#9T3TDI TCB insert discs. Center: 6-U43TC

bits mounted on a 4" chisel. Tnterior: 30 Type STD steel discs and 26

U44 TC bits mounted on 4 bit blocks.

Rotation: 0-6 RPM range, 5 RPM normal operating.

Torque: Maximum 879 K ft. #., normal operating 586 K ft. •.

Thrust: MIaximum 1, 583 K # operating 750 K #.

Anchor Pressure: Maximum 6,.-b16 K #.

Muck Collection: Buckets from face to 36" belt to 36" belt on 140' gantry.

Power System: Four 180 HP D.C. head motors, one 75 HP for hydraulic

system.
Guidance System: Laser

MDN STUDY SYSTEM DATA SHEET T-M6 Ident. No. NAV- 1 Sheet I
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec,,. (;ravity, Material

N.A. 1/11/72 Size -0.056" : 1.3 Siz,. -0.75" : 3. 13

AT1ERBFRG LIMITS, MATERIAl, SIZE (-)0.056 IN.

Liquid Limit 36. 80% Plastic Limit 23.61% Sliinkage Limit2l. 04 %
Plasticity Index 13. 19.',, Toughness Index 1. 88 Fl,,w Index 7.00

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Colhcsion PSF Angle./Pep0-s,' 10 In. Drop

(7. 7% Moisture, 300 (u 7. 5'i, Moisture, 340 e) 7. 7'" Mois 3

Angle Slide Steel Plate Bulk D)cnsity PC1"V Argi I:Iu.rnAl Fri ct3n

@7. 7 % Moi'sture, 300 (u, 0. 0 M!` \/oi i stu e. 98 (ir 7. 5, M1) sture, 360
70  I-2L 2K22Ji - -...... I

DRY UNIT WEIGHT, LOOSE 86 PCF
60 - - - - -1.0 MOISTURE CONTENT 8.1 % i - - SI II

0- LARGEST SIZE OBSERVED. 6" x " x 2" -

50j .... . .. "

w I40-*- n
J_ Y SCENDt;G

WZ30 SCREENED BEFORE DRYING--IS R1 sCENE C7¶ f TMC;117
20I I, , 'S

*4 .fr 1LL4 .. .. ..-

20

SHAP •o '1 P1 PT ____ I , • ! I/ I
1/2 "-i -- , -. _. -, .. 2O

+60ISCENu Fuf S fTANDAR SCEES AST STO SP-C. ,EII-7.0•T •"I

Rock Cla ': S ixv:'.t: SI tl t| £in 'ai ned..•-;= Veryo , l •o-- sten t. ,

an 3 tel,3 . enn.rnetal, TCBI "pik bIt P:5 I 6 Ki # s toq I

70K4th [ust. Iukig Bukt to bel. '-lag" Ra"l Suppor: , Ro. plan0okbls t3 or 4' cntnuu!
MD S6D SY'i ATANDR SI REENS ASTM STD, SPEC. NEli-70 ~~e

%..7~ 44 93

SHAECK"P PiT PY\T. AND .SHAP BEWEN SREN

SUMMARYJ
Rocjk Cla.s.s: Svd",nicitary: Si1tstune, fine i, ,rained. Very low strength.

RQD: (Est.) 70%i. DUW: 142 PCF. -Ground water- Minor. Hardnc~ss: NA.

System Class: TBM, Dresser T13205, 2-0.5V din, , Dresser disc cutters- 6TCBI "

and 30 steel, 32 Kennarnetal, TCBI "pick" biits. RPM: 5, Se,6 K ft #. torque.
75rj K # th rust. M~vucking: Bucke:ts to bull. Haulage. Rail. Support, Roof plates

and rock bolts, at 3' or 4', continuous.
M D N S T 1)Y S YST EM Dv )ATA S II~ I E M"I'\ ) N T -M6 hldnt, No, NAV-1 S'heet



ROCK DATA:

Lithology: Sedimentary, sandstone, gray, medium grained, massive,
friable and porous. Grains angular to subrounded, primarily quartz,
poorly cemented.

Uniaxial Compressive Strength: Less than I KPSI, disintegrates when wet.
RQD: (Estimated) 60%
Dry Unit Weight: 117 PCF
Ground Water: Table above tunnel but sealed off by overlying beds.
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 20. 5' diameter. Grade: (+) .05%
Ventilation System: 18 KCFM exhaust, 30" pipe, 60 HP.
Utility System: 6" air line, 4" pump line
Water Inflow: 50 GPH.
Power System: 4160/440V, rectified to 440 DC for head drive motors.
Haulage System: Muck, supplies, personnel, by 16 CY cars, 15 ton motor,

24" gage 70 lb rail.
Support System: Rock bolts, 8' and 10' x 3/4", set in epoxy, with 5' and

13' x 16 gage pans, shotcrete placed to prevent air slacking.

EXCAVATION DATA:

Machine: Dresser TB-205, total weight: 200 tons
Cutters: 36 Dresser steel and TCB insert discs, 32 Kennametal U43 and

U44 "pick" bits. Gage: 6-#9T5TD1 TCB insert discs. Center: 6-U43TC
bits mounted on a 4" chisel. Interior: 3C Type STI) steel discs and
26 U44TC bits mounted on 4 bit blocks.

Rotation: 0-6 RPM range, 5 RPM normal operating.
Tor'4ue: Maximum 879 K ft. #., normal operating 586 K ft. t.

Thrust: Maximum 1, 583 K #. operating 750 K H.
Anchor Pressure: Maximum 6,616 K #.
Muck Collection: Buckets from face to 36" belt to 3b" belt on 140' gantry.
Power System: Four 180 HP D.C. head motors, one 75 HP for hydraulic

system.
Guidance System: Laser

MDN STUDY SYSTEM DATA SHEET T-M7 Ident. No. NAV-2 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec., Gravity, Material
N.A. 1/11/72 Size : NA Size i\A

ATTERBFRG LIMITS, MATERIAl SIZE IN.

Liquid Limit NA % Plastic Limit NA % Shrinkage LImit NA %
Plasticity Index NA % Toughness Index NA IFlow Index NA

MATERIAL SIZE IN.

Angle/Repose 1 In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@ % Moisture, NA 0' (' Moisture, NA (0/% Moisture, NA
Angle Slide SteelPlate Bulk Density PCF Angle Internal Friction
(@ % Moi'sture, NA 0 % Moisture, NA (a % Moistuire, NA

60 - DRY UNIT WEIGHT. LOOSE 87 PC. - - -
MOISTURE CONTENT 8.2 •%

LARGEST S I ZE BSERVED 5"x 2".x 1":150

40 - ,J -- - --I

DRY SCREENED (ASTM C136)Z 30 -SCREENED BEFORE DRYINGQ- ARY WSHENG (ASTM717

-o -" - I ... • ! '

SHAPE AI AI A AI Al tjb JAI A A A

6" - --3" 2" i" 1/2" #4 #8 ",I6 #30 #50 #iO+6A STANDARD SCREENS: ASTM STD. SPEC, Ei-70

MUCK: PCT. BY WT. AND SH'APE BETWEE', SCREENS

.qUMMARtY
Rock C:lass:. Sedimentary: Sandstone, massive, fr;,ble, porous, nmed urn grained.
Very low strength. RQD (Ezt.) 60%. DUW: 117 i-•CE. Ground~ water: Minor.
Hardness: NA.
System Class: TBM, Dresser TB205, 20.5' dia. Dresser, disc cutters 6TGBI and
30 steel, 32 Kennametal, TCBI "pick" bits. RPM: 5, 586 K ft 4 torque,
750 K # thrust. Mucking: Buckets to belt. Haulage: Rail. Support: Roof plates
and rock bolts, at 3' or 4', continuous.MDN STUDY SYSTEM I)ATA SIHIk1 I NI)N T-M7 hlnt. No. NAV-2 ShAAt A
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ROCK DATA:

Lithology: Sedimentary, sandstone, coarse grained, poorly consolidated,
arkosic, with minor layers of thin seamed siltstone.

* Uniaxial Compressive Strength: 50 to 150 PSI dry-disintegrates when wet.
RQD: (Estimated) 30%.
Dry Unit Weight: 125 PCF.
Ground Water: Saturated when first opened.
Hardnes3: NA 1-11-72

TUNNEL DATA:

Size: 10' high by 8' wide, rectangular. Grade (+) 1/2%.
Ventilation System: 5 to 7 KCFM, pressure, 18" dia. vent tube.
Utility System: 4" airline.
Water Inflow: 20-25 gpm.
Power System: 440/I1OV, trailing cable.
Haulage System-, Muck, personnel and supplies by rail cars, 24" gage,

40# rail.
Support System: None, rock bolts and/or shotcrete in bad ground.

EXCAVATION DATA:

Machine: Alpine Miner, Type F6-A. Total Weight: II tons.

Cutters: 72, Kennametal U43K, Carbidc tipped, "pick' type. Cutters,
mounted on twin ripper heads, rotating about a horizontal axis at 900 to
a boom which moves the heads vertically and horizontally.

Rotation: 60 RPM, motor and gear box integral with boom.
Torque: 50.4 HF
Thrust: Sumping thrust from crawler motors, 2 (0 20. 4 HP. Vertical and

horizontal by hydraulic cylinders powered by a 10.4 HP electro-hydrautic
system.

Anchor Pressure: Crawlers only.
Muck Collection: Central 14" chain conveyor, fed by gathering arnms, dis-

charges on an 18" x 30' belt feeding 116' of 20" Serpntix conveyor. Trans-
verse folds are molded into 20' x 8' long rubber SerpL.ntix sections, \ich

are bolt c-".nected at reinforced flanges connected to an endless chain driven
by a sprocket. Folds allow inside edge to compress and outsioe to expand
on curves. Vertebral side rail sections, alternating with straight sections,
are supported by wheeled gantry legs riding a O"', gage traack, undcr 'Xhich
cars are spotted.

Power System: 440V, trailing cable.
Guidance System: Transit/Laser.

MDNSTUDY SYSTEM DATA SHEET T-M7 Ident. No. \%NG-1 Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. Gravity, Material
N.A. 1/11/72 Size -0. 056" : 0 Size -0. 75": 2.71

ATTFRBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.

Liquid Limit24.90% Plastic Limit 19. 97 % Shrinkage Limit 19. 94 %
Plasticity Index 4. 93 % Toughness Index 0.66 Flow Index 7. 40

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@10. 1%Moisture, 34a (@1)0. 6% Moisture, 0 6010. 1% Moisture, 310
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@10. 0/o Moisture, 320 (a)0. 0 % Moisture, 85 (110.6% Moisture, 270

:RY UNIT WEIGHT, LOOSE 82 PiF7L -

ISTUR ONT 10.5
v- LARGEUST S IZE BSERVED. 14" x 4" x 4"

- 50 ,,

40 ....

Wo 3

a, CRENEDBEFRE RYIG'-- 'DRY SCREENED (ASTM C136)'

I-I

W AFTERWSI TM C17& 20 1 1I1_ / I II IAI
"63S

01 14L -re1
SHAPE AE AE AE S A A A 1 A A A

6' 3" 2" I" 1/2" #4 #8 1#6 "#30 #50 #100
+6" STANDARD SCREENS: ASTM STrJ. SPEC. Eli-70 -- 2n

MUCK: PCT. BY WT. AND SHAP-" BETWEEN SCREENS

SUMMA RY
Rock Class: Sedimentary: Sandstone, coarse grained, poorly consolidated,
arkosic, minor thin seamed siltstone. Very low strength. RQD:(Est.) 30%.
DUW: 125 PCF. Ground water: Saturated. Hardness: N.A.
System Class: TBM, Alpine F6A, twin head, 10' high x 8' heading. 72 Kennametal
TCBI pick type bits. 60 RPM, 50. 4 HP head torque, 10. 4 HP boom power, 40. 8 HP
sumping thrumt. Mucking: Gathering arms-flight conveyor. Haulage: Elevating
conveyor - Serpentix conveyor on gantry - rail cars. Support: Normally none.
MDN STUf)Y SYSTEM I)ATA SII:''ET MI)N T-M7 hlint. No. WNG-1 Sheet a

C-58



ROCK DATA:

Lithology: Sedimentary, sandstone, coarse grained, poorly consolidated,

arkosic, with minor layers of thin seamed siltstone, varying concentrations

of replacement silica.
Uniaxial Compressive Strength: 50 to 150 PSI dry-disintegrates when wet.

RQD: (Estimated) 30%
Dry Unit Weight: 125 PCF
Ground Water: Saturated when first opened.
Hardness: NA 1-11-7Z

TUNNEL DATA:

Size: 5' wide x 9' high, nominally rectangular. Grade: Varies.

Ventilation System: 5 to 7 KCFM, pressure, 18" vent tube.
Utility System: Z" air, I" waterline.
Water Inflow: Z0-25 gpm when levels are first opened; generally dry after

drainage.
Power System: None in development headings, 440V to scraper hoists,

IIOV lighting.

Haulage System: Muck is scraped from the face of a cross cut to a slusher

drift, cross scraped to a muck raise, and loaded into 4 cu. ft. rocker

cdump rail cars on main le,,e about 801 below. Scrapers are 42", hoists

15 HP. Personnel access by ladder, supplies by rail cars and air-powered

hoists through 'raises.
Support Systcm: None. Rockbolts in bad ground.

EXCAVATION DATA:

Conventional Scraper-Rail Haulage System.
Drilling: LeRoi Model 35 jackhammers mounted on 6' airfe, . legs.

Drill Round: Five hole box or vertical line bui:n cut, 6' depth, included in

18 hole round, all holes 1 1/2" diameter.
Explosives: 50# Dupont 40% Gelex #2, Powder factor: 5#/cu. yd.
Blasting: Safety fuse and caps.
Mucking System: 42" Scrapers, 15 HP hoists.

MDNSTUDY SYSTEM DATA SHEET T-C7 Ident. No. WNG-Z Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. Change, Material Spec. (Gravity, Material

N.A. 1/11/72 Size -0. 056" : 0 Size -0. 075": 2.72

ATTERBFRG LIMITS, MATERIAL SIZE (-)0. 056 IN.

Liquid Limit25. 25 % Plastic Limit24. 74 % Shrinkage LimitZ3.37 %
Plasticity Index 0.51 % Toughness Index 0. 13 Flow Index 4.00

MATERIAL SIZE (-)2. 0 IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop

@9. 0 % Moisture, 32 (0) 9 % Moisture, 0 (d 9. 0% Moisture, 310
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction

(@9. 0% Moi'sture, 400 60 0. 0 % Moisture, 86 (u) 9 % Moisture, 280

70 -I 1 ... .1 1 -1 1,-1- -1-1

DRY UNiT WEIGHT, LOOSE 83 PC-
60

MOISTURE CONTENT 8.3

- LARGEST SIZE OBSERVED 18" x 10" x 4"

40

, 7 3 0

' DRY SCREENED (ASTM C136)
20 AFTER WASHING (ASTM C117)S20

SCREENED BEFORE DRYING ...... - -- -K0, .... 30#

SHAPE AE AE AE S A A A A A A

6" 3" 2" 1" 1/2" -#4 "#8 -*16 "#30 #50 #100-20t

+'STANDARD SCREENS:' ASTM STD. SPEC. Eli-70 -2v

MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Sidimentary: Sandstone, coarse grained, poorly consolidated, arkosic,
minor thin seamed siltstone, varying replacement silica. Very low strength.
RQD: (Est.) 30%. DUW: 125 PCF. Ground water: Saturated. Hardness: NA.
System Class: Conventional Scraper-Rail. 5' wide x 9' high, rectangular. Airleg

jackhammer, 18-6' holes, burn cut. PF 5#/CY. Mucking: Scraper to raise.
Haulage: rail cars - skip to surface. Support: Normally none.

MDN STUDY SYSTEM D)ATA SIIP;:FT MI)N T-C7 Idlent. No. WNG-2 She.t 2
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ROCK DATA:

Lithology: Sedimentary, sandstone, arkosic, irregularly
bedded, loosely consolidated with layers and lenses of silty mudstone.

Uniaxial Compressive Strength: Less than one KPSI.
RQD: (Estimated) 0 to 35%,
Dry Unit Weight: 113 PCF
Ground Water: Saturated; water table above tunnel, heading is drained in

advanced by lateral pilot holes in ribs.
Hardness: NA 1/11/72

TUNNEL DATA:

Size: 21 ft., diameter. Grade: (f) 0. 2%.
Ventilation System: 20 KCFM, 36" pipe, pressure at face, exhaust in

access.
Utility System: 6" air line, 6" pump line.
Water inflow: 200 gpm.
Power System: 41L0/480V.
Haulage System: Muck, personnel, supplies by rail cars.
Support System: Continuous, precast concrete rings 8' and 10" thick,

erected in 2our-4' segm-nents.

EXC.AV.;TIOI\ .SAi A:

Shield: Robbins Z2ZS ripper, Total weight: "165 tons
Thrust: 3, 500 tons total.
Muck Collection System: Muck is ripped from the face by a ripper tooth and

drawn through the shield to a 6' conveyor by hydraulic ram with a bucket
opposite the ripper tooth.

Pow\'er System: Hydraulic.
Guidance System: Laser

""KDN :TUDY SYSTEM DATA SM-.E' T-S7 nt. No. •§ -1 Sheet I
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4 MUCK DATA

Abrasiveness ?'o t. Vol1. Cha~nge,' Material Spec. C~ravity, Material,

N. A. 1/11 ý72 Size,-,0. 0650 '0 'Siz~e -0. 18511: Z. 86

4ýTTERB3FRG LIMITS, MATERIAL SIZIE (-)O. 185 IN.

Liquid Limit 17. 75 % . Plastic Li;nit 16. 19%0t Shrinkage Limit 13? 94%
Plas tidity Index 1. 56 % T~oughness Index 0.27 Flow IndeOx 5. 8

MATERIAL SIZE(-)O. 185IN.

An~gle/Repos-e I In. D~rop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@014.3% Moisture,38 0  '(i I{, MoistureN (*1)14.'3%1/ M~istnre, 33 1

Aftgle Slidle St~ele Plate Btilk Density PCF NA Angle Internal Friction

DR U.XJNIT WEIGHT. LOOSE 91 PCF
6O*- -~- ~MOISTURE CONTENT18.5 ý I-------------------

W2 -- 7

10, -- - - - -

0
SHAPE R RE SE AI AI AI AI A

+6 3 2 1/2" 1#4 #8 -#16 #30 #5:0 10#0.
+6 ~~STANDARD SCREENS: ASTM STD. SPEC. Ell-70-2ro

MUCK: 'PCT. BY WT. AND SHAPE BETWEEN SCREENS

jjTMMARY
Rock Class: Sedimentary, sandstone, arkosic, loosely consolicatcd, with 1,yers
and lenses of silty, mudstone. V~ry low strcrigth. RQD:,(Est. )>~%
DUW: 113 PCF. Ground water: saturated., Hakdness: NA.
System Class: Shield, Robbins 221IS ripper, 21V dia. Thrust 3,3500 tons.'
Mucking: Hydraulic bpqmn operated bucijet scraper to conveyor. Haulage: Rail.
Support: Continuous, precast concrete ring se-grnengs.

MDN STUDY SYSTEM DATA SIIEET MI)N T-S71 Went;. No, SF- 1 Sheet
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ROCK DATA:

"Lithology: Sedimentary, sandstone, .biotite rich siltstone,
poorly to well consolidaied,, pborly to well'sorted.

Uniaxial Compressive Strength: 2 KI 3SI
RQD: (Estimated) '50% f
Dl'y Unit Weight: 142 PCPF
Groqnd- Water- Sandstone saturated, water table above tunnei, heading

drained rt1 advanhced b§ lateral pilot hole's in ribs.
Hardnes: NA 1/11/72

*1 I' I*-,

TUNNEL DATA:

Size: 21 ft., round, Grade: (+) 0.2 pct.
Vientilaiion System: 20 KCFM,l 36" pipe, pressure at face, exhAaust in

access.,.
Utility System: 6" air -line, 6"' pump line.)
Water Inflow: 20 gpmr

: '1 Pqwer System: '4160/480V
Haulap e System: Mick, personnel, supplies by rail cars.
SSupport System Continuous,!precast concrete rings 8" and 10" thick,

erected in four 4' segments.

EXCAVATION D'ATA: , .

Shield: . Robbins, 221S ripper, total weight: .285 tousr
"Thrust: 3,500 tons total. , 'I '

'Muck Cbllection System: Muck is ripped from face by a ripper tooth and
* drawn through the shield to a 6' conveyor by hydrauli.c ram~with a bucket

opposite the ripper tooth.
Power S'yst'.m: , Hydraulic
Guidance aystem: Lager

IC

-,' t

MD1Nl STUDY SYSTEM DATA SHEET T-S5 Ident. No. SF-2 Sheet I
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i" MUCK DATA

Abrasiveness Pot. Vol. Change, Material' Spec.' Gravity, Material
N.A. I/11/72 Size -0.056" : 0 Size -0. 75": 3.02

ATTiRBFRG LIMITS, MATERIAL SIZE .(-)0. 056 IN.

Liquid Limit 31.5 % Plastic Limit 26.8 % I" Shirinkage Limit 21.5%
Plasticity Index 4.7 % Toughness Index 0.61 Flow, 'Index 7.6

MATERIAL SIZE (-)1.0 IN,

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
(@15. 1% Moisture', 380 @ % Moisture, NA @15. 1% Moisture, 360
Angle Slide Steel Plate Bulk Density PCF Angle Internal Friction
@15.1% Moisture, 300 0 % Moisture, NA P 15 % Moisture, 270

70 .- - - -- - - -

DRY UNIT WEIGHT. LOOSE 80 PCF60 - - -- - - - -

- MO1T'jRE CONTENT 17.5%

o---- - LARGEST SIZE O RED 3'x 2'x8"S 50 .. . . ,..

40

Wz30 /
° -4-I
20 -SCREENED BEFORE DRYING - . DRY SCREENED (ASTM C136)

/-- AFTER WASHING (ASTM CII)

SHAPE PE PE RS RS SI SI SI SI (SI SI[ I0 02

o 3 2t I2 1/2" #4 #8 *#16 #30 #50 #100 2
STANDARD SCREENS: ASTM STD.. SPEC. Eli-70

MLUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

3UMMARY
Rock Class: Sedimentary, sandstone and siltstone, poorly to well consolidated.
Very low strength. RQD: (Est.) 50%. DUW: 142 PCF. Groand water: saturated.
Hardness: NA.
System Class: Shield, Robbins 22IS ripper, 21' dia. Thrust 3,500 tons.
Mucking: Hydraulic boom operated bucket scraper to conveyor. Haulage: Rail.
Support: Continuous, precast concrete ring segments.

MDN STUIJ)Y SYSTEM l)ATA SIIE'IT' MI)N T-S5 Ident. No. SF'2 Sheet 2
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ROCK DATA:

Lithology: Sedimentary, rnudstone, dark gray, fine grained, massive.
Uniaxial Compressive Strength:. 11 KPSI dry.
RQD: (Estimated) 90%.
Dry Unit Weight: 144 PCF.
Ground Water: Generally dry.
Hardness: NA 1-11-72

TUNNEL DATA:

Size: 10' highx 9' wide •7'-6" top, 9'-6" bottom). Grade: (+) 1/2%.
Ventilation System: 5 KCFM, exhaust from face, pressure to venthole,

16" flexhaust, 24" vent tube, Z-25 HP Axivane fans.
Power System: Muck, personnel and supplies by rail cars, 36"1 gage, 45#

rail.
Support: 4" WF steel sets at 3' or 6'.

EXCAVATION DATA:

Machine: Alpine Miner, Type F6-A. Total Weight: 11 tons.
Cutters. 40 Kennametal U43KI- , Carbide tipped, ",)ick" type. Cutters

mounted on twin ripper head,, rotating about a hcrizontal axis at 900 to

a boom which moves heads vertically and horiz,)ntally.
Rotation: 78 RPM, motor and gear box integral with boom.
Torqueu: 50.4k-iP.

Thrust: Sumping thrust from crawler miotors, 2 (C: 20. 4 HP, vertical and
horizontal by hydraulic cylinders powered by a 10.4 HP electro-hydraulic
system.

Anchor Pressure: Crawlers only.
Muck Collection: Central 14'' flight conveyor fed by two gathering arms

mounted on an inclined apron, discharges on an i6'" elevating conveyor
loading rail cars.

Pwer System: 440V, trailing cable.
Guidance System: Transit/Laser.

MDN STUDY SYSTEM DATA SHEET T-M6 Iaent. No. KMv-i Sheet 1
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MUCK DATA

Abrasiveness Pot. Vol. C1,ange, Material Spec. Gravity, Material
N.A. 1/11/72 Size : NA Size NA

ATTERBFPG LIMITS, MATERIAL SIZE IN.

"Liquid Limit NA % Plastic Limit NA % Shrinkage Limit NA %
Plasticity Index NA % Toughness Index NA Flov' Index NAI

MATERIAL SIZE IN.

Angle/Repose I In. Drop Apparent Cohesion PSF Angle/Repose 10 In. Drop
@ % Moisture, NA ((D % Moisture, NA ((0 % Moisture, NA
Angle Slide Steel Plate Bulk Dnsity PCF Angle Internal Friction
@ % Moi'sture, NA (a) % Moisture, NA (a) % Moisture, NA

? I I I I-II l l I

[ GO - -RY NIT "EIGHT. LOOSE 81 PC F -, --

MQOISTURE CONTENT 9.4 ,
I 0LAREST SIZ OBSERVED 38"x I4 "x8"

50 - w 
--- -r- a a .u~... - p- - -

40 \1lli a

a 40E B I DRY SCREENED OASTM C136)
-SCREENED BEFORE DRYING AFTER WASHING (ASTM CIl?)

S20 t ,,

10

SHAPE PE PE PI PI PI A A A A A A j14 3" 2" 1" 1/2" #4 #6 *16 #30 #5D #5oo ")0

+,6" STANDARD SCREENS: ASTM STD. SPEC, Eli-70
"MUCK: PCT. BY WT. AND SHAPE BETWEEN SCREENS

SUMMARY
Rock Class: Sedimentary: Mudstone ("shale") fine grained, massive. Medium

strength. RQD: (Est.) 90%. DUW: 144 PCF. Ground water:- Dry. Hardness: NA.

System Class: TBM, Alpine F6A, twin head, 10' high x 9' heading. 40 Kennametal
TCBI pick type bits. 78 RPM, 50.4 HP head torque, 10. 4 HP boom power, 40. 8 HP
sumping thrust. Mucking: Gather'ing arms - flight conveyor. Haulage: Elevating
conveyor-rail cars. Support: Steel sets at 31 or 6', continuous.
MDN STUDY SYSTEM DATA SIIEF'i MDN T-M6 hlent. No. KM-I Sheet Z
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